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PREFACE 

Op the essays included in tills volnme, the following 
have appeared in Knowledge: "The Brightness of 
Starlight," "Stellar Brightness and Density," "Holes 
in the Heavens," "The Stellar Universe," "A Pos- 
sible Celestial Catastrophe," and "The New Cosmo- 
gony ; " and the following in The Obaervatory : 
"The Secular Variation of Stars," "The Number of 
Hie Visible Stars," and "The Satellite of Sirius." 
The r^t have not been hitherto published. For 
much of the information contained in the first 
three essays, and in Nos. 7 and S, I am indebted 
to Houzesu and Lancaster's " Bibliographie G4n6rale 
de rAstronomie," vol. i,. Introduction. For th« 
illustrations, my best than^ are due to Professor 
Barnard, D.Sc., of the Yerkes Observatory (IT.SA,}, 
and to Dr. Max Wolf, of Heidelberg. 

J.E.G. 

April 1907. 
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ASTRONOMICAL ESSAYS 



CHAPTER I 

PRIMmVB ASTRONOMY 

In the early infancy of the nations astronomy held 
a much more important place in the daily life of the 
people than it does in our time. Even educated people 
in these days scarcely realize the necessity which the 
ancients had of constantly referring to the motions 
of the celestial bodies for a measure of time. Clocks 
and watches have now become so common every- 
where, we are liable to forget that even in the 
present day they are regulated by the motions of 
the stars, and that without astronomical observa- 
tions navigation could not be carried on, and com- 
merce could not have reached its present flourishing 
condition. In ancient times, however, when a man 
wanted to know the " time of day," or the hour of 
the night, he was obliged to flnd it from the sky 
itaelf ; and for this reason moat people in those days 
had some practical knowledge of the celestial motions. 
In fact, man's attention wa^ originally attracted to 
the heavens, not by their beauty and mystery, but 
by the ordinary requirements of everyday life. In 
this way they came to know the heavens, and to 
assist them in acquiring this knowledge they divided 
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2 ASTRONOMICAL ESSAYS 

the stars into groups or constellations, and, perhaps 
naturally, gave these groups the figures and names 
of men and animals. These names and figures are 
still found useful for purposes of identification. 

Probably the first thing which attracted the 
attention of primitive laan was the regular re- 
currence of day and night. To him the day sym- 
bolized life, and the night represented death. Some 
of the ancient races counted the diurnal periods by 
nights and the numbers of years by winters. Thus 
the old Indians of North America, when asked their 
age, used to say, " It is so many winters since I was 
bom." In the Scandinavian mythology the day was 
supposed to be the daughter of the night. This fancy 
probably originated from the idea of a primeval chaos, 
in which there was no light, or, aa it is described in 
Genesis 1. 2, "darkness was upon the face of the 
deep." This method of counting the diumal periods 
, by nights was in use for a long time in Europe. Our 
"fortnight," a contraction of fourteen days, is an 
example of this. 

The division of the days and nights into shorter 
periods — now called hours — was to the ancients a 
more difficult matter. During the day it was com- 
paratively easy to determine the time approximately 
by observing the height of the sun and the length of 
ihe shadows. But during the night this was not so 
easy, and the constant change going on throughout 
the year in the positions of the different constella- 
tions, owing to the earth's motion round the son, 
must have considerably increased the difficulty. 
Prom constant observation, however, the ancients 
oame to know at what time of the year certain 
constellaiaons or groups of stars— like the Pleiades 
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or Hjrades — rose and seti cmd they oould thus eetimate 
approxboately the time which had elapsed since aun- 
set. In the book of Oenesis — one of the oldest books 
extant — we find no mention of honra, but nLerely the 
time of the day. Thus in chap. xdx. 28, we read, 
" The sun was risen upon the earth when Lot entered 
into Zoor." And there are other similar passages. 
It is the same in the poems of Homer and Healed. 
The word " hours " is not mentioned by either Plato 
or Zenophon. It occurs tor the first time at the 
end of the fourth century b.c, in the writings of 
Menander, who uses the term hora, "hour," and 
hemwrion, " half -hour." In the works of the great 
Roman writers, such as Cicero, Oiesar, livy, Tacitus, 
we find terms which were in use before the hour was 
adopted. Among these may be mentioned ante lucem, 
" before the day," ad lucem, " at the approach of day," 
prima lux, "the beginning of day," eto. 

Next to the succession of days and nights, perhaps 
the most striking natural phenomenon to the ancients 
would be the pliases of the moon. The regularity of 
their recurrence gives a very convenient division of 
time. The complete disappearance of the moon (to 
the naked eye) at the time of " new moon," or con- 
junction with the sun, formed a well-marked epoch 
for the an<^ent observers, and the reappearance of 
the moon as a crescent in the evening sky was wel- 
comed by them with dances and fires. This custom 
was continued down to the year 692 a.d., when it was 
abolished at the third council of Constantinople. 

The return of the lunar phases is comparatively 
so rapid, and they occur with such regularity, that 
even in primitive times the periodicity of the pheno- 
menon must have been sufBoiently obvious to every 
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4 ASTRONOMICAL ESSAYS 

one. The ancientB recognized that the Itmar revolu- 
tion was divided into two parta, tlie " waxing " and 
" waning " moon, as they are now called. Fliny speaks 
of them as luna accedens and hma abaeedens. The 
phases between the " quarters " and full moon were 
called hina gibboaa by the Romans. Hence oar modem 
term " gibbous." The period of days constituting a 
lunar month formed the first beginning of a calendar 
among the ancients. This month consisted of 29 days, 
corresponding to what is now called the synodical 
montii, or period from one " new moon " to the next. 
This period is not an exact number of days, itfi actual 
length being 29* 12'' 44" 2-86', but the round number 
of 20 days was sufBciently close to satisfy the require- 
ments of primitive peoples. 

Among the ancients, ima^nation created various 
forms supposed to be produced by the markings on 
the moon's surface. Some saw the figure of a hare 
or rabbit. The Chinese thought they could make 
out a rabbit sitting on its hind quarters before a 
mortar or basin, and holding in its fore paws a 
pestle, with which it pounded rice I A hare was also 
imagined by the Hindoos, and also by the Indians 
of North America. On the monuments of Central 
America the moon is represented by a jug or spiral 
shell, from which issues a hare. The ancients, Greeks 
and Romans, saw the face of a girL Others saw a 
man. Shakespeare says 

" This m&n ^th lanthom, dog, Bud bush of thorn." ■ 

Next to the phases of the moon and the lunar 
month, the regular recurrence of tiie seasons and 
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the apparent annual coarse of the sua naturally 
attracted the attention of pritnitiTe man. The 
varying lengths of the shadows cast by the sun 
at noon would have indicated the progress of the 
annual cycle. When the shadows ceased to increase 
or diminish, the ancients knew tiiat the solstice had 
arrived. ' The shortest shadows would mark the 
summer solstice, or longest day, and the longest 
shadows the shortest day, or winter solstice. But, 
of course, the first niea>suremeats made of these 
shadows were very rough. By marking the direc- 
tion of the shadow at sunrise and sunset on a 
certain day, and then in the following year noting 
when the direction of the shadow was exactly the 
same, the length of the year could be roughly deter- 
mined. In ancient Egypt the heliacal^ rising of a 
star was used for this purpose, the brilliant star 
Sirius being the one generally selected. 

In high latitudes the phenomenon of the seasons 
is very striking, but near the Equator the difference 
is not so noticeable. The word " annual " is derived 
from the word annua, which again comes from 
annuliis, " a ling," a word suggested by the apparent 
circular motion of the sun in the coarse of a year. 
The Greek word atat/m, " a cycle," has the same signi- 
fication. The seasons were fairly well marked in 
Egrypt (about latitude 80°), and here the institution 
of the year was of great antiquity. At first the 
length of the year was supposed to be 360 days, but 
this was soon corrected to 865 days. This latter 
period seems to have been known in Egypt so far 
back as about 8000 B.C. This fact is known from 
a little befoK nmriBs, wm 
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6 ASTRONOMICAL ESSAYS 

inscriptions on the ancieat moniunents, the date of 
which can be determined with considerable accuracy. 
The more accurate value of 805| days seema to have 
been known to the Chinese in the twenty-fourth 
century B.C. 

The ancients must have recognized at a very 
early period that the stars always retained their 
relative positions. Manilius (about a.d. 10) states 
that in his day the constellations were the same as 
I at the time of Trojan war. The early observers 
i made their observations from the tops of hills. The 
Chinese still point out the elevation from which 
the emperor Tcheou-Kong observed the heavens in 
the twelfth century B.O. In Egypt they observed 
the stars and made their religious offerings on small 
hiUs. 

The first groups of stars noticed by the ancients 
seem to have been the Pleiades and Hyades, the 
Qreat Bear, Orion's belt, and the Southern Cross. 
Owing to the precession of the equinoxes, the 
Southern Cross was in ancient times visible in more 
northern latitudes than it is at present. About 
6000 years ago it was just visible in the latitude 
of London when on the meridian. Although some 
conspicuous groups were noticed in early times, the 
division of the whole aky into constellations was not 
accomplished until several centuries later. Homer 
remarks that l^e Great Bear is the only constella- 
tion which never seta. From this we nuty infer that 
the constellations Draco, Cassiopeia, and Cepheus 
had not been formed in his time. According to the 
Chinese annals, it was in the reign of Tao, about 
the twenty-fourth century B.C., that the stars were 
formed into groups or constellationB. At that time 
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PRIMITIVE ASTRONOMY 7 

the small star 10 (i) Draconia (near a Draconia) was 
the pole star, and later on a Draconia was the star 
nearest to the celestial pole. The pole star was 
called iien-y by the ancient Chinese. In the sixth 
century B.C., Confacioa mentions some groups in the 
work called the Chi-King, among which were stars 
in Scorpio and Lyra. His commentators speak of 
stars in Leo under the name of the Red Bird, This 
probably refers to the red star a Hydra), which 
lies south of Leo. In Egypt some of the constella- 
tions seem to have been known before the thirteenth 
centuiT B.C. In the tomb of Seti I. there is a lion 
surrounded by stars, and near it a bull is depicted, 
which probably represents Taurus. On the ceiling 
of one of the rooms in the palace of Ramses Miamon 
(the Greek Sesostris) figures of animals accompanied 
by stars are shown in connection with the twelve 
mouths of the year, showing that the zodiacal con- 
stellations were then known. A further advance is 
seen in the tomb of Ramsea IV. at Thebes, thirteenth 
century ttc. The zodiacal constellations were, how- i 
ever, formed at a much earlier date — probably as 
far back as the twentieth century b.c. Among the 
Hindoos the oldest Vedas— which date perhaps from 
the eighteenth or twentieth century B.C. — do not 
mention any constellations except the Great Bear. 

The ideas of the ancients with reference to the 
Milky Way are interesting. Some writers resemble 
it to a road, and the Iroquois Indians called it " the 
road of souls," .Among the ancient Greeks and 
Romans they supposed two doors, or places, in the 
Milky Way where it intersected the Zodiac. By that 
of Gemini they inukgined that the souls entered into 
the world, and by that of Sagittarius they departed 
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and returned to the goda I The Chinese called the 
Milky Way the celestial river, tien-ho. 

Following the discovery of a pole star by the 
ancient observers came the possibility of navigating 
ships by its aid. According to Aratns and Ovid, the 
Pheniciaos were the first to use the pole star for this 
purpose. In the Middle Ages the Arabians, when 
sailing in the southern seas, used the bright star 
Canopua aa a guide. 

The primitive observers do not appear to have 
had any clear idea of the immense distances of the 
stars from the earth. Homer says that the moim- 
tains of Greece reach far beyond the limits of the 
atmosphere into the ethereal regions, and he seems 
to have imagined that the starry heavens were not 
very far beyond these mountain tops I The ancients 
thought the sky was a solid hemisphere resting on 
the earth.' Other crystal spheres were afterwards 
added, as we shall see in a subsequent chapter. The 
earth itself was supposed to be flat, and surrounded 
on all sides by water, but this idea was soon aban- 
doned by the Greek astronomers. It seems, however, 
to have survived In Western Europe down to the 
time of the Crusades ; and even at the present day 
there are a few ignorant people who retain the same 
primitive idea. 

It might be expected that the motions of the 
planets among the stars would have attracted the 
attention of the ancients at a very early period. It 
is therefore very remarkable that for a long time 
after the constellations were formed, the only planet 
which seems to have been recognized was the 
brilliant Venus. It is t^e only planet referred to 
> Sm Fa. civ. 3. 
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PRIMITIVE ASTRONOMY 9 

by Homer and Heaiod. This shows that the ancients 
did not make a very careful examination of the 
starry heavens, and did not accurately determine 
the positions of even the brighter stars. Saturn 
might possibly escape the notice of primitive races, 
but it is not so easy to understand how Jupiter 
and Mars — which are sometimes very brilliant — 
could have eluded their observation. Although 
Venus was known as Lucifer ^ when a morning star, 
and Hesperus as an evening star, the identity of the 
two objects was known to Pythagoras (sixth century 
B.C.). This fact seems also to have been known 
to the Egyptians at an early date. Pythagoras 
appears to have known all the great planets (except, 
of course, Uranus), but he lived some three centuries 
later than Hesiod. Venus was the only one of the t 
planets known in America when it was discovered I 
by Columbus. 

The progress of astronomy in primitive times was 
much retarded by the ignorance of writing. This 
art began with hieroglyphics, as may be seen on the 
^^yp^i^^ monuments. The Greeks appear to have 
learned the art of writing by means of letters from 
the Phenicians. The earliest Greek inscriptions seem 
to date back to the end of the sixth century B.C. 
Homer does not mention inscriptions, although he 
refers to pictures and hieroglyphs. 

With reference to the star sphere and its apparent 
daily rotation round the earth, the idea of a meridian, 
or great circle passing through the north and south 
points of the horizon and the zeniUi, seems to have 
been at first mentioned by Euclid in the fourth 
century B.C. The colures are first referred to in 
< 8ae IM. ziv. 13, 
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10 ASTRONOMICAL ESSAYS 

the writings of Theon of Smyrna in tlie second 
I century B.C. Achillea Tatiua (fourth century aj),) 
was the flrat to use the term " ecliptic " to designate 
the'sun'a apparent path in the sky. The obliquity of 
the sphere was a subject of wonder to the ancients. 
Alany of the old Greek pliilosophers, such as Anaxa- 
goras, Bmpedodea, and Democritus, thought that the 
celestial pole was originally in the zenith and that 
the horizon was gradually raised from the north! 
They supposed that at tliis time the 6un's route, 
which Oiey thought was originally along the Equator, 
had become oblique. In the twentieth to twenty- 
third century B.C. the Accodians seem to have 
divided the circle of the ecliptic into twelve parts, 
corresponding to the present signs of the Zodiac. 
The Chaldean astronomers observed the stars at their 
settings and risings, that is to say, the last setting 
visible in the evening and the first rising observable 
in the morning sky. They constructed calendars 
showing when these risings and settings would take 
place, and they found groups of stars which rose and 
set together. These groups were called •paranatolai 
by the Greeks. Hesiod speaks of the heliacal risings 
and settings of the stars in various places in his works. 
It was on the principle of these risings and settings 
that the famous poem of Aratua was based. The 
paranotellons were used by several of the old Greek 
astronomers, including Eratosthenes, Hipparohus, 
Hyginus, and Manilius. At the time of these so-called 
heliacal risings and settings, the star was of course 
at some distance from the sun's place. This distance 
depended on the brightness of the star. From 
Ptolemy's observations it seems that Sirius first 
appeared in the morning sky when the sun was still 
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10 to 11 degrees below the horizon. In China similar 
observations of the stars seem to have been made at 
a very early period. In the calendar of Hia, which 
dates from the twenty-second century B.C., the aspect 
of the consteUations at different times of the year is 
given. 

The division of time into hours was in ancient 
times different from that in use at present. The 
time from sunrise to sunset was divided into a 
number of divisions, and the nights into the same 
number. Hence the hours of the night were not 
equal to those of the day, and the length of both 
varied with the seasons. These unequal hours were 
used by the Greeks and were marked on their sun- 
dials. Their clepsydras, or water clocks, were also 
adapted to tlds system. Kven the invention of 
cloc^ did not at once lead to the modem system of 
equal hours> and the long and short hours seem to 
have survived down to even the fourteenth century 

A.D. 

The brightest stars are not scattered regularly 
over the surface of the slcy, and consequently their 
risings could not give the ancient divisions of time 
of equal length. In ancient Egypt a calendar found 
on the ceiling of a roy^ tomb of the thirteenth 
century B.C. shows the risings of the stars and con- 
stellations for a whfde year at Thebes. The Chinese 
at a very early date seem to have used the method 
of star cuhninations, that is, the passage of stars 
across the meridian. For this purpose they used 
the stars of t^e Plough and some stars in Lj^ra. 
This method of culmination was also used by Hip- 
parchus, who gives a list of stars suitable for the 
purpose. 
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Although Venus waa the only planet known in 
very ancient times, all the night planets seem to 
have been known in Egypt so far back as the 
thirteenth century B.C., and long before tiiey were 

■ known to the Greeks. They were, however, known 
to Pythagoras, as we have said, in the sixth century 
B.C. ; and at the beginning of the Christian era their 
movements were followed in all European countries. 
Among the Assyrians Mercury was called Nebo. Its 
image was sometimes represented with four wings, 
referring, perhaps, to its apparently rapid movement 
in the sky. Venus was caJIed Istar or Astar. She 
was supposed to be the mother of all beings. Mars 
waa called Nergal, and, as is well known, represented 
the god of war. He was also called the god of hunt- 
ing. Images of Mars are rare ; one represents him 
with a sword in his hand and with the feet of a 
cock. Jupiter was called Merodach, and among the 
Greeks he was supposed to be the king of all t^e 
gods. He was also represented with a sword in bis 
hand. Saturn was called Adar, and sometimes Ninip. 
He was also called "the powerful," "the master of 
force," "the destroyer of enemies," etc. He seems 
to have been the Assyrian Hercules, but among the 

^ Greeks he was the son of Uranus. The Hindoos 
seem to have made an independent discovery of the 
planets, but not till after the ninth century B.C. 
The ancient Chinese also appear to have discovered 
the planets independently. They connected them 
with the five elements — Mercury with water ; Venus, 
metal ; Mars, fire (perhaps on account of its red 
colour); and Saturn with earth. Venus seems to 
have been the only planet which they named. They 
called it Tai-pi, which means " very white." Among 
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the most ancient CSiinese observations of the planets 
is one of the position of Mara in Scorpio at the begin- 
ning of the sixth century B.C. 

In tropical regions the lunar month would have 
been for the ancients the most important long 
division of time, but in the temperate zones they 
soon found that the year was of more importance. 
An attempt was made to combine the lunar months 
with the annual motion of the sun, but th'B was 
found almost impossible, as the year does not con- 
tain an even number of lunations. This difficulty r 
led to three kinds of calendar — those exclusively 
lunar, which are the most ancient; those purely \ 
solar ; and the luni-solar, which attempted to com- / 
bine the two systems. The principle of the lunar 
calendar was to divide the year into 12 months, 
these being alterruttely 29 and 30 days long, 
which gave a year of 854 days. This being about 
11 days too short, the seasons were gradually 
displaced through all the months of the calendar 
in the course of a few years. In fact, the period was 
not a year, but a set of lunations. The solar calendar i 
appears to have been adopted at a very early period 
by the ancient Egyptians. The regularity of the 
annual rising of the Nile showed them the existence 
of a period connected with the sun's annual motion. 
The heliacal rising of Siriua seems to have been the 
signal for the beginning of this inundation. The 
Egyptian month was 80 days, divided into three 
periods of ten days each, and five added days 
brought the length of the year to 365 days, which 
was an improvement, but still a little too short. 
Some writers on Egyptology think that this Egyptian 
year dates so far back as the twenty-third century 
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B.C. This year of 365 days being a little too short, 
the heliacal rising of Sinus was disturbed io the 
course of time, and came to occur in all months of 
the yeair. It was also displaced by the precession of 
the equinoxes. In t^e first century B.C. the year 
of 365^ days was adopted at Alexandria. 

After the Egyptian calendar, the most ancient 
seems to have been that of the Accadians. Their 
year consisted of 380 days witliout any added days. 
This was, of course, much too short, and this they 
tried to correct by adding a thirteenth month every 
six years. This gave a period of 886 days, which 
was not so exact as the Egyptian year. 

The solar calendar is the most practical of all, 
and is the one at present in use. It was for a long 
time based on the Alexandrian year. It was intro- 
duced at Rome by Julius Csesar in the year ii B.C., 
and is hence known as the Julian year. Before the 
time of Cteaar, the year was divided at Riome into 
four parts — Martius, the spring; Api-ilis, the 
summer; Magus, the autumn; and Junius, the 
winter. The name January was derived from 
Jamta, "a door," because it opened the year. The 
Janua year of 86&4 days is too long by nearly twelve 
minutes. The Gregorian calendar corrected this by 
repressing three days in every period of 400 years. 
Thus the years 1700, 1800, and 1900 were not leap 
years, but 2000 will be a leap year, as it is divisible 
by 400. 

In andent times some nations, wliile recognizing 
the importance of the solar year, attempted to 
reconcile it with the lunations. In Greece, down to 
the time of Herodotus, they hod twelve months of 
thirty days; but when they found the summer 
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solstice iDconTemeatly displaced, they added a thir- 
teentli month to the year. The Arabians also added 
occasionally a month to their year of 354 days ; but 
tiieae corrections were suppressed by Mahomet. 
The Jews used a common measure of tAie motions 
of the aun and moon, and thus formed a great year 
of 600 years, or, ULore correctly, they found that 
219,143 days were equal to 7421 lunations, which 
is not far from the truth. In 820 B.C. Callippus 
found tiiat in 27,759 days, or aboot 76 years, there 
were 910 synodic revolutions of the moon. This 
cycle, combined with that of Metou, served to correct 
the Grecian calendar. In this cycle of 79 years 
there were 38 years of 354 days, 15 of S55 days, 
and 28 of 384 days. This gave 499 montiis of 80 
days, and HI of 29 days — a very complicated system. 
One of the old Chinese astronomers, so far back 
as the twenty-second century b.c., eeems to have 
noticed the cycle of 19 years, but in later times 
—about the second century B.C. — they used a period 
of 00 years, a cycle which seems to have been also 
used in India. 

The pyramids of Egypt seem to have been erected 
partly as observatories, partly as temples, and partly 
as tombs. Those of Sakkara and Dabschur seem to 
be rather mote ancient tiian those of Ghizeh. They 
were built in layers of diminishing dimensions. 
Those of Ghizeh are three in number, the largest 
that of Cheops (known as the Great Pyramid), that 
of Chephron (brother of Cheops), and that of Men- 
kaura (son of Cheops) — the Mycerinns of the Greeks. 
From an astronomical observation found on a 
papyrus, it appears that the pyramid of Menkaura 
was built about 3000-3006 B.C. These pyramids are 
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oriented correctly to within a few minutes of arc. 
In the Qreat Pyramid, the first inclined passage 
(inclination about 26°) would have pointed — at the 
time of its construction — to the then pole star 
a Draconis at its culmination below the pole. This 
would fix its date at about 8050 B.C. In the Chal- 
dean pyramids there were seven stages of different 
colours, which represeated the seven "planets." 
Going from the base to the summit, Venus was repre- 
sented by a white layer; Saturn, black; Jupiter, 
purple ; Mercury, blue ; Mars, red ; the Moon, silver ; 
and the Sun, gold. On the top of all was a small 
temple, dedicated to the divinity in whose honour 
the pyramid was built. In Ciilna they also built 
pyramids, and the ruins of some of them still 
remain. The ancient inhabitants of America also 
constructed pyramids, which seem to have been used 
both as observatories and temples. 

S<Hne of the ancient writers thought that the 
celestial bodies possessed souls, and were guided 
by intelligence like human beings. This was t^e 
opinion of Thales, Heraclitus, Aristotle, Cicero, 
Seneca, and Socrates. Cicei-o says, "To refuse in- 
telligence to the stars, whose order and perseverance 
are so marvellous, and to which are entirely due the 
preservation and the life of all beings, is to prove 
one's self devoid of reason." ' Even so late as the 
fourteenth century aj)., Duns Scotus could hardly 
believe that the stars were not animated. The gods 
of the Greek mythology had perhaps their origin in 
these ideas. The sun's apparent course in the sky 
during the year particularly impressed the ancient 
observers, and seemed to them to indicate the 
■ De nalwa deorum, Bk. III. ohap. 31. 
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existence of volitioo. Some, however, including 
Anazimenes, Anaxagoras, and Herodotua, thought 
that -when the son attained its greatest height 
above the eqitator in summer he was driven back 
by the winda and cold of the northern regions — a 
rather puerile idea, as it appears to ua with our 
wider knowledge. The ancients thought that at 
sunset the sun descended into the sea, and that it 
w^as carried back by the circular river, which sur- 
rounded the earth, to the place where it should rise 
the next morning. Joshua is supposed to have 
stopped the sun in its course for some hours, and it 
is related that in China, in the eleventh century B.C., 
during a battle, the prince of the country of Lou 
implored the sun to grant him a few more hours of 
daylight^ and that it actually went back about 40°, 
thus giving him about 2J hours more in which 
to vanquish his enemies, Even in later times such 
events are said to have occurred. It is stated by 
contemporary historians that at the battle of Schmal- 
kalde, fought by Charles V. on April 24, 1517, the 
sun was arrested in its course for some time on the 
horizon. But the historians of this event (?) must 
have been in some way deceived. 

The reUgiou of the Chaldeans was practically a 
worship of the celestial bodies. They offered incense 
to the sun, moon, the twelve signs of the zodiac, the 
planets, and " all the host of heaven." > The Pleiades 
were especial objects of adoration. Vast and splendid 
temples were erected in honour of these sidereal 
gods. At the time of Nimrod this form of worship 
seems to have reached its zenith. 

Tammuz, or Adonis, which is mentioned in the 
' Bent. iv. Id; and 2 Kings zxiii. G. 
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Bible,* was the aun, which seemed to die each year 
in winter, and rise again in the spring ; and most of 
the other heathen gods were personiflcationa of the 
sun viewed under different aspects. The gods of the 
ancient Egyptians had a similar origin. At noon 
the sun was called Ra, and during the night Osiris, 
and also Horus. It was the same among the Hindoos. 
They worshipped the snu, the moon, the stars, the 
aurora, lightning, etc. The god Mitra represented 
the sun by day, and Vanina at night. They built 
great temples in honour of the sun. One of the 
largest of them is in Orissa. In later times Vishnu 
represented the sun. He is the great hero of the 
Sanscrit epic, the Uahabharata. Among European 
nations, the Thor of the Scandinavians represented 
the sun, but Odin was their supreme god. The feast 
of Easter originally represented the resurrection or 
rising of the sun (Astara) at the spring equinox. 
The sun was also worshipped as a deity among the 
ancient inhabitant of America and the islands of 
the Pacific. 

Connected with sun-worship was the worship of 
the saered fire. Primitive man naturally connected 
the idea of fire with the solar heat. Among several 
ancient nations a sacred fire was kept perpetually 
burning in their temples. Even among the Jews 
this custom was followed.' Vesta was the goddess 
of fire at Rome, and the vestal virgins had charge 
of the sacred fires. In Greece these sacred fir^were 
consecrated to Hestia, which was the Greek name of 
Vesta. In other places in Italy, and also in Spain 
and Kussia, sacred fires were burnt in ancient times. 
In Japan, and also in America, these fires formed 
' Eeek. viu. 14. • Lav. Ti. 12, 18. 
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part of the ancient worship. The Greeks and Romana 
derived the Are from the sun by means of mirrors — 
which acted like modem burning glasses. This was 
usually done at the spring equinox. 

Meteoric stones also formed objects of worship 
in primitive times. They were worshipped by the 
Phenicians and others, and were placed in their 
temples. It seems probable that the image referred 
to in the Acts of the Apostles (xjx. 85) as having 
fallen " down from Jupiter " was carved from a 
naeteorio stone. 

Falling stars or meteors were also worshipped 
by the ancients. They are referred to by Aristotle, 
Seneca, ajid Virgil. The Arabians thought they were 
fiery stones thrown by angels on the heads of demons, 
when the latter ventured too near the sky. This 
idea is mentioned in the Koran, and is referred to by 
the poet Moore in " Paradise and the Peri," where 
he says — 

" Fleeter than the starry bnnds 
I'lODg at night from angel hands 
At those dark and daring spcites 
Who would climb th' eiiip;zeal hsigbta." 

The formation of the constellations, although 
commenced at a much earUer period, was not com- 
pleted before the time of Endoxus, who was a con- 
temporary of Plato, about the fourth century B.C. 
In this division of the stars into groups, some stars 
were left outside and were not included in the 
constellations. These were called by Ptolemy amor- 
photoi, or without figure. All these are now included 
in the modem constellations, the old boundaries 
having been extended so as to enclose them. The 
first star which seems to have been observed by the 
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anciente was the bright star Gapella (a Aurigse), 
which was called d/Ugan, " the foundation star." The 
first obs^ratioD of it probably dates back to about 
2000 B.C. 
I The identity of some of the Egyptian constella- 
] tiona with those of modem astronomy ia doubtful. 
j Their most important constellation seems to have 
been one called aahou, which appears to be Identical 
with our Orion. This was an important group in 
Egypt, because it preceded and announced the ap- 
proaching rise of Sirius, which again heralded the 
annual inundation of the Nile. Aldebaran (a Tauri) 
was called ary, and the Pleiades cJuma, a word which 
means "thousands." With reference to this latter 
word, it is an interesting fact that photography has 
revealed the existence of over two thousand stars in 
this famous cluster. The Great Bear is referred to 
in the Book of the Dead. 

Among the ancient Hindoos fche seven bright stare 
of the Plough (Ursa Major) represented the seven 
principal rich men or holy persons who were sup- 
posed to live beyond Saturn. The bright star Fro- 
cyon represented the monkey-god Hanumana, but it 
is not easy to identify the other constellations of the 
Hindoo sphere. 

The ancient Chinese seem to have had about three 
hundred groups or constellations. In the time of 
Yao (about the twenty-fourth century b.c.) the sky 
was divided into four quarters, and these were dis- 
tinguished by different colours and animals. The 
one containing the vernal or spring equinox was 
represented by a white tiger, and the three others 
by a red bird (the fiamingo), a blue dragon, and a 
black tortoise, or warrior. Among the stars shown 
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we can identify the stars of the Plough, and a and ^ 
of the Little Bear. The Plough, or Great Bear, was 
represented hj a bushel or measure of corn, the tail 
being the handle of the measure. The Chinese sphere 
seems to have had an independent origin. 

The ancient Arabians had their own sphere of 
imaginary animals tuuong the stars. The Great and 
Little Bears seem to have been their most important 
constellations. 

Why the constellations received the names they 
bear it is not easy to see ; their nomenclature seems 
to have been more a matter of caprice than anytlung 
else. The origin of the name Coma Berenices is an 
example of this. Hyginus relates that this constel- 
lation was formed in the third century B.C., in the 
following way : Berenice, wife of Ptolemy Buergetes 
(son of Ptolemy Philadelphus), made a tow, when 
her husband was about to leave her on a military 
expedition, that if he returned in safety she would 
cut off her hair and consecrate it in the temple of 
Mars. Her husband returned, and she fulfilled her 
vow, but on t^e following day the hair had dis- 
appeared from the temple, and Conon, the mathe- 
matician, showed Ptolemy seven stars near the 
constellation of tiie Uon which did not belong to 
any group of stars. These the poet Callimachus 
formed into a constellation, and called it Coma 
Berenices. This is referred to by Catullus in the 
lines — 



Some of the names of the constellations have 
been altered since ancient times. Thus the Lyre 
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formerly represented n sea tortoise, or turtle, with 
its shell. 

The following fable is related by the Persian 
astronomer, Al-Sofl, in his " Description of the 
Fixed Stars," written in the tenth century a.d. 
Al-ab&r (Sirius) and Al-gvma^A (Ppocyon) were 
two sisters of Siihml (Canopus). Canopus married 
Al-doauza (Rigel), but having killed his new wife, 
Canopus fled towards the South Pole, fearing the 
auger of his sisters. Sirius followed him acroes the 
Milky Way, but Procyon remained behind and wept 
for SuhaA till her eyes became weak. Al-Sufl saya 
&iB,t Sirius " is called Al-abO/r, because it has jiassed 
acroaa the Milky Way into the southern region." ' 
Now, it seems to be a remarkable fact that the large 
' proper motion of Sirius would have carried it across 
the Milky Way from the eastern to the western 
border in a period of about 60,000 years. Possibly 
the Arabian story may be based on a tradition of 
SiriuB having been seen on the opposite side of the 
Milky Way by the men of the Stone Age. However 
this may be, we know from the amoimt and direction 
of the proper motion' of Sirius, that it must have 
passed across the MUky Way within the period 
above stated. The Arabic name Al-ab^ is not 
therefore, in this case, a fanciful one, but denotes an 
actual fact. The proper motion of Procyon is very 
similar, both in amount and direction, to that of 
Sirius, and consequently it has been on the eastern 
side of the Milky Way for ages past ; and this agrees 
with the legend quoted above. 

Among the ancients the zodiacal constellations 
■ The same eiorj la told b; AlbuloiagiUB (thirteenth oentoiy), 
and is probabl7 oopied from Al-Sufi's woik. 



Di^ilizDdbyGoOgle 



PRIMITIVE ASTRONOMY 28 

were naturally the most important, as they marked 
the apparent course of the son during the year. 
According to ProfesBOr Sayce, these constellations 
were imibably, formed by the Aocadians in the 
plains of Mesopotamia, some time between the 
twentieth and the twenty 'third century b,c. These 
"signs of the zodiac" seem to have been very 
similar to those known at present. On the XiueTeh 
tablets we find the ram, the bull, the twins, the 
crab, the lion, the scorpion, an archer with a bow 
(Sagittarius), a goat witii a fish's tail (Capricomus), 
and a deity pouring water out of a jar (Aquarius). 
Virgo, the virgin, is not represented, however, nor 
Libra, the balance. These seem to have been 
formed in more modem times. In ancient times 
Libra was included in Scorpio. When the zodiacal 
signs were first formed, the constellations coincided 
with the "signs," but, owing to the precession of 
tjie equinoxes, these have gmduaJly shifted. Thus 
the sign "Aries" is now in Pisces, "Pisces" in 
Aquarius, and so on. There seems to have been no 
connection between the names of these " signs " and 
the seasons of the year, or the labours of agricul- 
ture. The nomenclature appears to have been quite 
arbitrary. In the original zodiac of the Accadians, 
each sign was sabdifided into three parts, and as 
a sign represented 30° of the circumference, each 
of these subdivisions was 10°. In each of these a 
particular star was assigned, if a suitable one could 
be foond, and the appearance of this star on the 
horizon announced the arrival of the corresponding 
portion of the ecliptic. These subdivisions were 
of ctmslderable astrological importance in ancient 
Egypt. In Persia and India they had somewhat 
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similar divieions. The signs of tlie zodiac were also 
known in China at an early date, but they were 
probably derived &om the Western nations. 

The principal constellations were drawn by Hip- 
parchns on a solid globe. This was preserved at 
Alexandria, and is referred to by E^lemy, but it is 
now unfortunately lost. Engraved stones represent- 
ing Atlas supporting the heavens on his shoulders 
have been found, but most of these were on too 
small a scale to show the constellations satisfactorily. 
There is one, however, in the Museum of Naples 
on a large ball of marble. On this sphere the con- 
steUationB are shown, and many of them can be 
identified. The date of this sphere is supposed to be 
about 800 B.C, A similar sphere is preserved in the 
Museum of Arolsen, and there is a marble plani- 
sphere in the Vatican. On tiie latter may be re- 
cognized the constellations Ursa Major and Minor, 
Draco, the signs of the Zodiac, Canis Major, Hydra, 
Centaurus, Lupus, and Aquila. Libra, the balance, 
is shown, and the presence of this zodiacal sign 
shows that the planisphere cannot date back much 
farther than the beginning of the Christian era. 

While some of the primitive nations had a solar 
zodiac, others had a lunar one. These have been 
found among the Arabians, the Hindoos, and the 
Chinese. The moon's sidereal revolution ronnd the 
earth being between twenty-seven and twenty-eight 
days, twenty-eight stars were selected along the 
moon's apparent path in the sky, corresponding in 
their intervals as nearly as possible to the moon's 
motion in twenty-four hours. These spaces were 
called the " lunar mansions." They probably origi- 
nated in India. They are mentioned in the Rig-Yeda, 
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one of the sacred books of the Hindoos, written 
about the fourteenth century b.c. These divisions 
had a great importance in the study of astrology. 
The stars chosen to mark these " mansions " were 
generally near the ecliptic, with the exception of 
some, which were selected on account of their 
brilliancy, such as Vega and Altair. Some, how- 
ever, near the ecliptic, did not exceed the fourth 
magnitude. The effect of precession has, of course, 
much disturbed the positions of these " mansions " 
in modern times, but they are now merely names, 
even in India, and, like the signs of the zodiac, have 
1 to be of any practical importance. 
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CHAPTER II 

EARLY ASTBONOHICAL OBaBRYATIONB 

Thb history of ancient astronomy is interesting as 
showing the gradual developmeat or evolution of 
the " sublime science." The instruments used for 
making observations in ancient times were crude 
and not susceptible of any great accuracy. Still 
much useful work was done, and many interesting 
naked-eye observations are recorded in the anci^it 
annals. Some of these, however, seem to be mythi- 
cal, or rather were calculated, not observed. Snch is 
the prehistoric conjunction of the sun, moon, and 
the five (then) known planets north of the con- 
stellation Orion referred to by the old Chinese 
astronomers. Many observations were, however, 
really made. Thus we learn from the Chinese 
records that in the time of Yao, or about 2800 B.C., 
there were astoonomers of&cially appointed for the 
determination of the equinoxes and solstices. For 
finding the exact time of the solstices — tiiat is, when 
the sun is at its greatest distance north or south 
of the celestial equator — they used a gnomon > and 
style, and some of these were of considerable size. 
The gnomon was also used in ancient Greece, and 
survived in Europe down to the time of Gassendi. 

1 Tlie modem word " gnomoD " is deriTsd from the Greek 'word 
frSita, " a mark oi token," 
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The oldest measure of the solstice of which we 
have any record seems to have been one made by 
the Chinese astronomer, Tcheoo-Kong, about the 
end of the twelfth century b.c,, in the town of 
Lo-yang, near the Yellow River. Some of these 
old Chinese observations were used by I^place for 
the purpose of determining the diminution in the 
obliquity of the ecliptic. It is mentioned by Plutarch 
and Strabo that at the time of the summer solstice 
(the " longest day ") the sun was in the zenith at 
the town of Syene (now called Assouan) on the Nile, 
and that it could then be eeea at noon from the 
bottom of wells. This must have occurred b^ore 
the tentii century B.C. 

Astronomy seems to have slowly developed in 
Greece, for it was not till 431 B.C. that we read of 
the first reliable observation — that of tiie summer 
solstice made by Meton at Athens. 

The observations above referred to were made, 
as we have said, with a gnomon, but Uie Incas of 
Peru used for the same purpose the shadows of two 
poles cast by the rising or setting sun. They also 
made observations on the passage of the sun through 
the zenith towards the end of their summer, at which 
time they held the greatest religious festival of the 
year. The columns used for the purpose at Quito 
were desteoyed by order of the Spanish governor, 
Sebastian Belaloacar. 

With reference to eclipses, the most ancient on 
record are those referred to in the Chinese annals. 
There are six mentioned in the "Chou-king" of 
Confucius, who lived in the sixth century b.c., and 
thirty-six in hie book called the " Chun-tsiou." The 
most ancient of all is one mentioned in the former 



Di^ilizDdbyGoOgle 



28 ASTRONOMICAL ESSAYS 

book. It was an eclipse of the sun which took place 
in that part of the heavens indicated by tJiie stars 
«■ and <T Scorpil — between which the ecliptic passes 
— on the first day of the third month of autumn, 
a Uttle after the Emperor Tchong-Eang began to 
reign. According to chronology, which is, of course, 
somewhat uncertain at such a distant date, this 
emi>eror commenced his reign in the year 2158 B.C. 
Some chronologlsts, however, tliink that this date is 
about twenty years too far back, and astronomical 
calculations confirm this opinion. Calculations made 
by means of Oppolzer's tables show that the eclipse 
probably oecnrred in the year 2186 B.C. Prom this 
distant date down to the end of the seventeenth 
century the Chinese annals record 460 eclipses of 
the sun and some of the moon, A long series of 
eclipses were also recorded by the Babylonians. 
The Assyrians also registered eclipses, and those 
of 929 B.C. and 808 B.C. are mentioned in connection 
with historical events. TheBe eclipses were need 
by Ptolemy in forming his theory of the moon's 
motions. Some of these eclipses were verified by 
Laplace, A great eclipse of the sun is recorded in 
which the zone of totality crossed Assyria. Oppolzer 
has found the date of this eclipse as 762 B.C, The 
Egyptians also recorded a large number of eclipses, 
and their records go back to about 1800 b.c. In 
the Indian work, the " Mahabbarata," an eclipse 
is recorded as having been seen in India, and 
the date of this has been found by Oppolzer as 
1409 B.C, 

All the eclipses recorded by the Greeks are of 
later date. The following are some of the most 
famous of these eclipses. The eclipse of Thales, 
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which put an end to the war between the Medee 
and Lydians, about 584 B.C., but the date is rather 
uncertain ; the eclipse of Lariasa, when the PereiauB 
besieged that town, about 556 B.C.; the eclipse of 
Enuius, meationed by Cicero, about 899 B.C. ; the 
eclipse of Alexandria, about 361 b.c, ; and the ecUpse 
of Agathocles, which ia well established as having 
occurred on the morning of August 15, B.C. 808.* 
Plutarch mentions an echpse as taking place about 
374 B.C., which terrified the senate of Thebes and 
the Theban army. 

That regular observations were made by the 
ancient astronomers is shown by the fact that on 
tablets from NJneveh are found lists of planetary 
and stellar observations and records of the phases 
of the moon, etc Observations have also been found 
of the star a Draoonis, which was in those times the 
nearest bright star to the celestial pole. The Nineveh 
tablets date back to the seventeenth century b.c. A 
Chaldean tablet preserved in t&e British Museum 
shows that the passage of the moon through its 
nodes was carefully observed, indicating that the 
inclination of the moon's orbit to the plsine of the 
ecUptic was known in those early times, and also 
the cause of eclipses, which even in these enlight- 
ened days seem to be a mystery to many so-caJled 
* educated " people. 

It is known that astronomy was regularly studied 
in China so far back as the twelfth century b.c. In 
a book called the "Tcheou-li" details are given of 
tlie organization for this purpose. There was a chief 
astronomer, cfdled foung-ma?ig-chi, with a number of 
assistants under him, whose duty it was to observe 
' Popular AttroHomy, April, 1906. 
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the stars in their passage acrc^s the meridian, and 
thus fix their places in the eky, as ia done at 
Greenwich Observatory in the present day. Another 
astronomer, called pao-tchang-U, with a number of 
assistants, discussed these observations and studied 
the aspects of the planets, especially Jupiter, for 
astrological purposes. They also predicted eclipses, 
and reported them to the emperor. Meteorological 
observations were also made. Prom the seventh 
century B.C. the Chinese astronomers recorded the 
appearance of comets and star-showers. In the great 
work of Ma-touan-lin, consisting of 100 volumes, there 
are 45 obeervationa of sun-spots visible to the naked 
eye. These observations were made between the 
years a.d. 801 and A.D. 1205. Especially large sun- 
spots were noted in the years 826 and 832. They 
also recorded the "new" or "temporary stars" of 
1572 {Tycho Brah^'s) and 1804 (Kepler's), and also 
that of B.C. 138, which is supposed to have led 
Hipparchus to form his catalogue of stars. An 
occultation of Mars by the moon is noted in the 
I year 68 b.c., and this is the earliest recorded oc- 
I cultation in the annals of astronomy. Between the 
first century B.C. and the eleventh century a.d. the 
Chinese astronomers recorded 87 observations of 
Mercury ; and the general accuracy of these observa- 
tions was verified by the great French astronomer, 
Le Verrier. One of these observations records the 
passage of the planet between the stars i} and y 
Virginis, which lie near the ecliptic, and calculation 
shows that this actually occurred on September 19 
and 20 in the year 155 AJ)., thus confirming the 
accuracy of the Chinese observations. Plutarch 
relates that an occultation of the star Spica (a 
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Virginia) was observed la the year 282 B.C., and this 
obeerration was verified by Encke'e calculatione. 

Almanacs seem to have had their origin among 
the Assyrians) and later on we find reference to 
"year books" in Heeled, Ovid, Virgil, Pliny, and 
other classical writers. To the usual astronomical 
information the Chaldean astronomers added pre- 
dictions of coming events, like " Zadkiel's Almanac " 
of our own day. The Egyptian tablets examined by 
Brogsch show the course of the planets in the years 
105 to 188 A.D., predicting their exact places in the 
sky, even when near the sun. In one of these 
interesting tablets a conjunction of Jupiter and 
Saturn Is referred to in the constellation Aries. 
This seems to have occurred in the year 120 a.d. 
Even at the present day the Hindoo Brahmins 
publish almanacs showing in advance eclipses and 
the positions of the planets, which they calculate 
by rules given in one of their ancient books. The 
Mexicans prepared wheels for several years in advance 
which answered the purpose of almanacs. 

Before the invention of clocks and watches there 
were various methods of measuring time. The first 
that seems to have been used was the length of 
shadows thrown by the sun. We learu from Aristo- 
phanes that even in his day the time was measured 
by the length of the shadow cast by a gnomon like 
the style of a sundial. These gnomons were placed 
on a pillar, and concentric circles were drawn round 
the base of the pillar, thus indicating roughly the 
hour of the day. This method was used by the 
Chinese, who, as 'we have seen, used the gnomon 
for observing the time of the solstices so far back 
as the twelfth century Bx:. In the seventeenth 
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century a.d. the people of Madagascar used this 
meUiod, which they learned from the Arabs, and 
for a standard they employed the length of a 
man's shadow. 

According to Herodotus, the Chaldeans were the 
first to make use of sundials, but they seem to have 
been also used by the Egyptians in very early times. 
In the third century b.c. the Chaldean priest Berosus 
invented an instrument in which the shadow fell on 
an inclined concave semicircle. One of these was dis- 
covered in some ancient ruins near Rome. Another 
was found in the ruins of Pompeii in the year 1854. 
Some of these old sundials are preserved in the British 
Museum, the Louvre, and the Museum at Naples. 
The reference in the Bible to the shadow on " the 
dial of Ahaz " shows that sundials were in use among 
the Jews in ancient times. They were also used at 
Athens so far back as 434 b.c., but they do not seem 
to have been known in Rome until the year 292 b.c. 

For the correct adjustment of these gnomons and 
sundials it was, at course, necessary to draw a line 
exactly due north and south— a meridian line, as it 
is now called. This the ancients seem to have been 
able to do with remarkable accuracy. The Great 
Pyramid of Ohizeh is oriented with great precision, 
with an error of certainly less than a quarter of a 
degree; and it is said that in the old pyramids of 
Mexico and Yucatan, the error did not exceed 1°. 
The ancient Chinese attached great importance to 
the observations of stars crossing tlie meridi^i, or 
culminations as they are called, and se^u to have 
determined the direction of the meridian by measure- 
ments of shadows at the rising and setting of the 
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For measuring the hours the Greeks and others 
used clepsydras, or water clocks. They were also 
used by the Chinese at an early period, and are 
described in their book the " Tcheou-li," which dates 
back to the twelfth century b.c. This instrument 
consisted of two vessels — an upper one, in which 
water was kept at a nearly conBtant level, and with 
a bole in the bottom, through which the water ran 
into a lower vessel. In this lower vessel was a 
graduated vertical rod, ^e divisions on which repre- 
sented about fourteen minutes of time. Another 
form of clepsydra consisted of a metal cup with a 
sm^l hole in the bottom, floating in a vessel of 
water. Some of these were regulated so as to fill 
in about 22i^ minutes. Glefeydras are still used in 
some parts of Asia. They were also used in ancient 
times in Egypt and Chaldea, probably so far back as 
the sixteenth or seventeenth century in Egypt. One 
made in Alexandria was constructed to go for a 
year I In more modem times we read of one being 
sent to Charlemagne by the Persian caliph, Abdullah, 
and one received by the Emperor Frederic II. from 
the Sultan of Egypt, Malek-aJ-Kamel. 

The ancients found observations of the sun very 
difficult, owing to its excessive brightness. Archi- 
medes measured its diameter when rising. Seneca 
speaks of the use of smoked glasses. He also 
mentions that he observed tiie phases of a solar 
eclipse by reflectdon in a surface of oil or pitch 
A tab of water was for a long time need in Europe 
for the same purpose. The old Chinese astronomers 
measured the altitude of stars on the meridian by 
means of a tube mounted on a movable axis. The 
inclination of this tube to the horizon gave the 
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reqoired altitude, Tbia method was also used by 
the ancient Hindoos, the tube being attached to the 
style of a gnomon. 

For the measurranent of angles the Greeks divided 
the circumference of the circle into 860°, evidently 
derived from the approximate number of days iu 
the year, and this division has survived to the 
present day. The Chinese, however, divided the 
circle into 365|°, and this division is found in l^eir 
work the " Tcheou-pey," which was written about 
the time of HipparchuB, a little before the beginning 
of the Christian era. The " spheres " of Archimedes, 
Hipparchos, and Ptolemy consisted of two rings, 
having the same centre, but the plane of one at 
right angles to the plane of the other. The inner 
ring was fixed in the plane of the meridian, and the 
other in the plane of the equator. The time of the 
solstice was determined by the shadow of the npper 
half of the equatorial ring falling on the lower half. 
Sometimes movable circles were added for the ecliptic 
and solstitial colure. The astrolabe of Hipparchus 
represented in principle our modem equatorial tele- 
scope. It had an hour-circle and a circle of declina- 
tion. With these were connected two other circles, 
one repree«itdng the ecliptic and the other the 
solstatial colure. These circles were about eighteen 
in^es in diameter. This gave about one-sixth of an 
inch to each degree, but, nevertheless, the longitudes 
of Hipparchus are sometimes in error to the extent 
of 2°. One of Ptolemy's instruments was a regnlar 
mural circle. Another was in the form of a right- 
angled triangle, of which the sides were fixed one 
horizontally and the other vertically, while the third 
side, or hypotenuse, was movable, and could be pointed 
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to the moon when on the meridian. The altitude 
could then be found by measuring the horizontal 
and vertical sides. Similar instruments seem to 
have been used by the Chinese at the end of the 
second century B.C. 

For finding a level surface the ancient observers 
used plumb-lines from a very early date. These are 
depicted in the Egyptian hieroglyphics, and were 
similar in shape to the modern triangles used by 
masons. They are mentioned by Homer in the 
Odyssey, and were need by the Grecian astronomers 
and architects. 

The ancient observations in the library of Nineveh 
were recorded on tablets of clay, on both sides, and 
were numbered like the pages of a modern book. 
Hiese were afterwards baked in an oven to render 
them durable. A nomber of these clay tablets were 
collected by Layard, and are now preserved in the 
British Museum. Plato wrote his works on sheets 
of wax, and these were afterwards copied on parch- 
ment by one of his pupils. Alexandria was for some 
centuries before the Christian era the centre of in- 
tellectual life. Its famous librfur contained a lai«e 
number of books collected by Aristotle and Theo- 
phrastus, which were sold by Nebua to Ptolemy 
Philadelphus. This wonderful Ubrary was destroyed 
by fire in the fifth century b.c., and ita destruction 
was an irreparable loss to the history of astronomy. 
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CHAPTER III 

BABLT ASTRONOMICAL THBOBIBS 

" When they oome to model heaven 
And calenlate the Btus, how they willnield 
The mighty frame ; how build, unbuild, conttive 
To save kppearonoes ; how gild the sphere 
With oentrio and ecoentric Boribbled o'er, 
Cycle and spioycle, orb in otb." > 

At the time of the destruction of the Alexandrian 
library, the Greek astronomers had arrived at certain 
theories of more or less accuracy with reference to 
the apparent motions of the heavenly bodies. These 
theories were based on observations made during 
several centuries by the Egyptians, Chaldeans, and 
Chinese, and some account of these theories may 
prove of interest to the general reader. 

The cause of the moon's phases naturally excited 
the curiosity of almost all ancient nations. These 
phases were previously explained by the old aatrono- 
mers. The Babylonians at first explained them by 
supposing that the moon had a bright side and a 
dark side, that is, that one hemisphere was luminous 
and the other dark, and these were presented to us 
alternately by the effect of rotation. It seema 
curious that they did not notice the fact — which 
now seema obvious — that the phases depend on the 
> Uilton'a " PandiBe LoBt," vUl. 79-80. 
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position of the moon with reference to the sun. 
The Greeks submitted the problem to a matiie- 
QLatical investigation, and of course arrived at a 
correct solution. FronL the form of the moon's 
" terminator," or the boimdary between the bright 
and dark parts, Aristotle came to the conclusion 
that our satellite is a dark body of spheiical form ; 
and the attempt made by Ariatarchus to measure 
the relative distances of the aim and moon show a 
complete understanding of the laws of illumination 
of a spherical body shining by reflected hght. 

An elongation of 15° from the sun was fixed by 
the HorapoUa ' as necessary for first perceiving the 
lunar crescent after conjunction with the sun, or 
" new moon." The moon's " age " would then be 
about 20 or 27 hours. Schmidt of Athens saw the 
crescent moon, under the most favourable condi- 
tions, between 25 and 20 hours after new moon, and 
the close agreement of these ancient and modem . 
results is interesting- 
More accurate observations of the lunar surface 
soon abolished the purely imaginary figures which 
the older astronomers fancied they saw in the moon. 
Plutarch, in an interesting account of the moon's 
appearance — which was translated into Latin by 
Kepler — says that the most obvious spot on the 
moon's surface is one which he calls the Gnlf of 
Hecate. This seems to be identical with the dark 
spot now known as Mare Crisium, which is the most 
conspicuous marking visible during the daytime 
when the moon is at some distance from the sun. 

■ The HoiapoUa vas a work on hieroglyphios. It is a Qceek 
translation from the Egyptian h; FhilllpuB. Tha wiitet probably 
lived about the beglimiiig of the fifth century a.d. 
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Two other spots are referred to by Plutarch, but it 
ia difficult or impoasible to identify them. Some of 
the anraents thought that the spots were due to the 
reflection of features on the earth from a surface 
resembling a badly polished mirror. This theory 
was maintained by Clearohus among the Greeks, 
and, according to Hmuboldt, is still believed in by 
the modem Persians. Plutarch, however, seems to 
have thought the spots were really inherent in the 

The "earth-shine" visible on the dark part of 
the moon when in the crescent phase seems to have 
greatly puzzled the ancient astronomers. Posidonius 
thought that it might be due to sunshine passing 
through the body of the moon, which, according to 
this theory, would be semi-transparent. The correct 
explanation was not arrived at until the fifteenth 
century. 

The study of the moon's path in the sky of 
course led the Greeks not only to an explanatdon of 
the phases, but also to that of eclipses. But the 
earlier writers held some absurd theories with refer- 
ence to eclipses. For example, Aaaximander thought 
that the light from the sun and moon came through 
a hole, and that when an eclipse occurred this hole 
was temporarily closed. Others thought that, when 
eclipsed, the sun and moon left the sky for a little 
and descended to the earth — a stiU more ridicolotis 
idea. It was with reference to this latter idea that 
the Greeks called eclipses KaStdptavt (a pulling down). 
We first meet the word tJtXwK-o-is in Thucydides' history 
of the Peloponnesian war. It seems, however, that 
in very early times the Assyrians, Chinese, and 
Hindoos understood the cause of eclipses, and they 
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were even predicted by Qie Hindoos and Egyptians | 
with some approach to accuracy. This prediction , 
was aocompliehed by the Greeks by means of the 
cycle known as the Saros, a period of about eighteen 
years. The observations of a long series of eclipses 
led to the discovery that at the end of 223 lunar 
months, or about 6585^ days, eclipses of the mooD 
return in the some order, and nearly of the same 
magnitude ; but a small difference between the true 
period and the assumed one somewhat disturbed the 
accuracy of the predictions. The same remark 
applies to eclipses of the eun, but the Babylonian 
astronomers only attempted to predict lunar eclipses. 
The Chinese also recognized a certain law in the 
recorrence of eclipses, but sometimes failed in their 
prediction. For these failures the official astrono' 
mers were punished. It is related that in the 
twenty-second century B.C. the Chinese astronomers 
Hi and Ho were executed because they faUed to 
announce a great ecUpse of the sun which occurred 
about that time. A period triple the length of the 
Saroe, or 19,758 days, was called by the andenta 
exeUgmoB, but according to Hipparchus, it 'would be 
necessary for greater accuracy to extend the period 
to 126,007 days, or about 346 years. This contains 
4267 lunar montiis. In the Assyrian inscriptions 
there is a reference to a cycle of 1805 years. This 
was probably arrived at, not from observations, but 
from a knowledge of the periods of revolution of the 
earth and moon. This long period has been recently [ 
referred to by Mr. A. C. D. Crommelln, who suggests \ 
for it the name of Megalosaros. He says it " gives ' 
surprisingly accurate results as regards duration of 
totality, and also as regards the latitude of the 
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track, while the shift in longitude followe a fairly 
regolar law." ' 

Eclipses of the sun have been at all times more 
easily nnderetood by ordinary people than eclipses 
of the moon. The darkening of the sun's light by 
the interposition of the moon's body eeems more 
obvious than the passing of the moon through the 
earth's shadow. The uncertainty connected with the 
prediction of solar eclipses in ancient times is shown 
by the fact that the prediction of one in the fourth 
century B.C. by Helicon of Cyzichus, which duly took 
place, was looked upon as a great achievement in 
those days. Eudemus predicted another ; but even 
in the time of Alexander the Great these eclipses 
could not be predicted with any certainty. 

The Romans were still more backward in their 
knowledge of eclipses. The prediction of an eclipse 
by Sulpioius Gallus in the second century B.C. — as 
related by Livy — seems to be of doubtful historical 
accuracy. However, in the time of the Emperor 
Claudius, the Roman astronomers, having acquired 
more accurate knowledge from the Alexandrian 
school, attained some skill in the prediction of these 
phenomena. 

One of the greatest difficulties experienced by the 
ancients in accepting the theory that solar eclipses 
were caused by the interposition of the moon, was 
tliat an eclipse of the sun did not occur at every 
new moon. This was at last explained when they 
discovered that the moon's orbit was inclined to the 
ecliptic. Another phenomenon which puzzled them 
greatly was the fact that tJie moon is sometimes — 
although rarely — seen to be totally eclipsed when 
< The Obaervaton/, October, 1901, p. 882. 
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the sun is still above the hotizon near sunset. Pliny 
(first century A.D.) describes an eclipse of this sort 
which he speaka of as a prodi^. Cleomenee (second 
century) doubted the truth of the observation, but 
suggested that it might be due to refraction, a theory 
which we now know to be the true one. 

The ancients noticed that the moon is not wholly 
obscured by the earth's shadow during total eclipses, 
and Plutarch remarked that the dai^ening was less 
the farther the moon was from the earth at the time 
of eclipse. 

Total eclipses of the sun produced a deep impres- 
sion among the ancients, especially before their cause 
was difioovered. Plutarch remarked that even during 
totality there was no absolute darkness, but that a 
tight remained comparable with twilight. He noticed 
that there was a Ught round Qie sun which prevented 
the darkness from becoming complete.^ The same 
phenomenon was previously mentioned by Philo- 
stratus in his " Life of Apollonius of Tyana," and 
this latter notice is probably the earliest reference 
to the solar corona. 

The first ideas of the ancient astronomers with 
reference to the apparent motions of the celestial 
bodies were very primitive. At least, so they seem 
to us with our wider knowledge. They imagined 
that each celestial motion had a sphere of its own — 
that is, a crystal sphere — and that each of these 
spheres rotated separately round the earth. They 
supposed that the sun, moon, and each of the five 
planets then known — namely. Mercury, Venus, Mars, 
Jupiter, and Saturn — ^had each its separate crystal 
apheire^ to which it was attached I For the fixed 
> " De hole in orbn Ltuue," cbftp. 19, 87-40. 
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stars, they imagined an eighth sphere, and they 
thought that in their case one was sufficient, because 
these bodies appeared to move in nnison, and did 
not change their relative positions. These spheres 
they arranged in order of the Telocity of the ap- 
XHkrent motions. It was a very natural conolnaion 
that the more rapidly a celestial body moved, the 
nearer it is to the earth. Even now this principle 
is applied in estimating the distanoes of the stars ; 
those having large proper motions being considered 
as probably nearer to us than those with smaller 
motions. On this hypothesis they arranged the 
distanoes in the following order. Mercury, Venus, tiie 
Sun, Mare, Jupiter, Saturn, and the fixed stars. But 
when they came to observe the occasional retrograde 
motions of the planets, and the inclination of the 
lunar orbit to the ecliptic, these motions no longer 
seemed so simple as they at first imagined, and to 
explain the apparent irregularities they were obliged 
to add further spheres for each body. This, of course, 
made the system a very complicated one. 

Eudoxus of Cnidus, a friend of Plato, seenLS to 
have been the first to fix the necessary niuuber of 
these concentric spheres. To the moon he assigned 
three, and to the sun three more. For each of the 
planets he thought four spheres were necessary, but 
for the fixed stars he considered that one would 
suffice. This made a total of 27 spheres. But even 
this number failed to represent all the observed 
motions, and Gallippus, who came after Ehidoxos, 
found it necessary to add seven spheres more — two 
for the sun, two for the moon, and one for eaoh of 
the planets Mercury, Venus, and Mars, thus raising 
the total to S4 spheres. But again this large number 
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of imaginary spheres was not safScient to account 
for motions afterwards detected by further obeer- 
vations, and Aristotle was obliged to increase the 
number to 56. 

A grave objection to these crystal spheres might 
have oocnrred to these old astronomers, and that is 
that the distances of the sun, moon, and planets 
from the earth were subject to change. In the case ' 
of the sun and moon this is evident from the fact 
that eclipses of the sun are sometimes total, and 
sometimes annular. The planets also vary much in 
their apparent brilliancy, a fact which might have 
suggested, one would think, that their distances 
from the earth also varied. But these objections 
were overlooked. Sosigenes ^ seems to have been 
tiie first to realize the force of these objections. 

A curious result of this theory of crystal spheres 
was the idea of the ancients about the " harmony 
of the spheres." They fancied that the rotation of 
these spheres might produce a sound or musical note. 
This idea seems to have been held by Pythagoras at 
the time when only eight spheres were supposed 
necessary. The musical diatonic scale contains eight 
notes in its gamut. There should therefore, he] sup- 
posed, be eight notes emitted by the bodies of the 
planetary system. Pythagoras thought that the 
more rapid the motion the higher the note, and since 
all the spheres were supposed to rotate round the 
earth in 24 hours, the farthest bodies had the 
greatest velocity, and the nearest the least. Hence, 
in the planetary system, Saturn would give the 
highest note, and the moon the lowest. The fixed 
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stars would, of course, give a higher note stilL lb 
has not been accurately determined what note 
Pythagoras attributed to each body. The Chinese 
book, the " Koue-yu," mentioned these supposed 
mnsioal notes ; and Job says, " When the morning 
stars sang together, and all Ute sons of Ood shouted 
for joy " (ixxviii. 7), but this is probably allegorical. 
They are also referred to in the old legends of 
India. The fact that these musical notes are in- 
audible to us was explained by the ancients by sup- 
posing that, owing to habit, our ears have become 
insensible to them. They thought, however, that in 
moments of absolute silence it might be possible to 
hear them. These fanciful ideas have now vanished 
with the crystal spheres on which they were based. 

The idea of spheres to which the celestial bodies 
were attached necessitated the conclusion that these 
motions were uniform. But further observations 
showed that this was not so. The difference in the 
length of the four quarters of the year formed 
by the sun's passage through the equinoxes and 
solstices was known to Eudoiua, Democritus, Eucte- 
mon, Callippus, Gemiuus, and Hipparchus. They 
found that these quarters varied in length from 88| 
to 94J days. Prom this irregularity Ptolemy recog- 
nized the necessity of distinguishing between mean 
time and the time shown by a sundial. They found 
the same irregularity in the case of the moon. The 
Egyptians and Chaldeans seem to have noticed the 
movements of the apsides and nodes of the lunar 
orbit, and from them the Greeks appear to have 
derived their knowledge on this subject. 

Down to the second century B.C. the knowledge 
of the Chinese with reference to the celestial motions 
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seems to have been inferior to that of Hipparchua 
and Ptolemy, but in the third century a.d. yre learn 
from a Chinese work called " Kiea-Biang" that they 
knew that the length of the year was sUghtly leas 
than 865^ days, tuid that the moon's motion is not 
uniform. The irregularity in the sun'a apparent 
motion was not diacovered by the Chinese until the 
end of the fifth century a.d. The discovery was 
made by a hermit named Tchang<tse-sin, and was the 
result of thirty years' study of the sky. It has been 
stated, however, that so early as the sixth century 
B.C. the Chinese had some knowledge of the synodic 
periods of the planets, but this knowledge was not 
ascertained scientifically until a thousand years 
later. 

The astronomical tables used in India in ancient 
times were zealously guarded by the priests, and 
could not be obtained for many years. The tables 
of the " Suriya-siddhanta " seem to have been cor- 
rected in the thirteenth century. Laplace thought 
that the earlier tables were subsequent to the time 
of Ptolemy. 

From allusions made by Ovid, Glaudianus, and 
Martianna Capella, It seems that Archimedes con- 
structed a sort of planetarium in the third century 
B.C. to represent the motions of the celestial bodies. 
This was a hollow glass globe, on which the stors 
were represented by amall discs. The sim, moon, 
and planets were carried on movable supports, and 
the movements were produced by means of gearing. 
These motions showed the phases of the moon, 
eclipses, etc. It was probably driven by water- 
power. A aimilar instrument was afterwards con- 
structed by Fosidonius, and in the Talmud (about 
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80 A.D.) an mstmment for peppesenting the phases 
of the moon is mentioned. 

Finding that the hypotbeeia of crystal apheres 
did not BatisfactorUy account for all the observed 
movements of the celestial bodies, the ancient 
astronomers had recourse to the theory of eccen- 
trics. Thus, in the case of the sun, they sapposed 
tliat the centre of the apparent solar motion was 
not in the eartli, but at scnue distance from it. But 
they considered the orbit to be a circle, not on 
ellipse. In this way they rather ingeniously ac- 
counted for the variation in the sun's distance 
and velocity. For the moon, however, the case is 
different, and to account for its motion they 
imagined it revolving in a small circle, called an 
Epicycle, the centre of which moved on a larger 
circle, called the Deferent, the centre of the deferent 
being at the earth. In the epicycle the motion was 
supposed to be retrograde — that is, in the direction 
of the hands of a clock — and in the deferent direct, 
or planetary motion. The period of i-evolution in 
each of these circles was the same. This hypothesis 
of epicycles and deferents was introduced in the 
fourth century B.C. In the tliird century b.c. 
Apollonius of Pei^a was the great authority on 
the subject, and the hypothesis was further elabor- 
ated by Hipparchus and Ptolemy. From the 
observed inequalities in the lengths of the quarters 
of the year, Hipparchus deduced from this theory 
the eccentricity of the earth's orbit and found it ^, 
or Q'Oil. Its real value is now known to be 0*01677, 
or ^ nearly. The moon, however, presented further 
difBculties. To explain the variation known as the 
"equation of the centre," an epicycle waa found to 
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be sufficirait, bat Ptolemy, finding that the position 
of the perigee of the lunar orbit was not a fixed 
point, turned the deferent into another eccentric, 
the centre of which, placed near the earth, revolved 
slowly round our globe with the velocity of tiie 
lunar apsides. The corresponding epicycle was sup- 
posed to make its revolution in a time equal to the 
nLoon's anomalistic period. In this way the observed 
motions were represented to a certain degree of 
approximation. To explain the oscillation of the 
perigee, Ptolemy supposed that the epicycle was 
subject to an oscillation of about 13°. This he 
called the proanev^ of the epicycle. Ptolemy, how- 
ever, does not seem to have thoroughly understood 
t^e law which rules this inequality. Hia attempts 
at explaining other inequalities, such as the evec- 
tion, were not very satisfactory, and he seems to 
have finely abandoned the attempt to explain all the 
irregularities in the moon's motion. In fact, ancient 
astronomy added but little to the theory of the lunar 
moticois, and these motions have become thoroughly 
understood only in comparatively modem times. 

The discovery of the inequality in the moon's 
motion, known as the "variation," is sometimes 
attributed to the Arabian astronomer, Abul Wefa, 
but this claim cannot be sustained, and the dis- 
covery seems to have been made by Tycho Brah4 
ia 1601. To explain the variation another circle 
had to be added. Although the Arabians did not 
know of the "variation," they did not fail to notice 
that the moon's latitude is not constant. This fact 
seems to have been discovered in the tenth century 
by Hussan-Ali ben Amadjour, but he did not find 
the law which governed it. 
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Although the hypothesis of epicycles cind de- 
ferents represented roughly the moon's position in 
the sky at a given time, it failed to indicate satis- 
factorily the varying distances of the moon from 
the earth. In fact, it mode the distance at apogee 
nearly double the distance at perigee. This, of 
course, did not agree with the apparent diameters. 
Albategnius, in the ninth century a.d., computed 
from eclipses that the diameters varied only from 
29J' to S5j'. And even this was a greater difference 
than it is in reality. Copernicus recognized this 
discrepancy between theory and observation, and 
tried to correct it by adding more circles, but without 
success. Tycho Brahd also attempted a reconcilia- 
tion, and with somewhat better success; but the 
necessary arrangement of drcles became at last so 
complicated and unwieldy that Kepler preferred to 
abandon the hypothesis, and trust to observatoons 
for empirical values of tlie necessary corrections. 

The motions of the planets were also represented 
by epicycles and eccentrics. Ptolemy used a first 
eccentric, which was called by his successors the 
" equant." This was a circle supposed to be de- 
scribed by the centre of the deferent. Heraclides 
of Fontus, who lived long previous to Hipparchus, 
seems to have had clear ideas of the motions of 
Mercury and Venus round the sun. According to 
his views, the sun was carried on an epicycle, the 
centre of which corresponded to what is now known 
as the " mean sun," Round this point the two 
inferior planets described circles or epicyles which 
the sun carried with it. Seneca thought that the 
retrograde motions of the superior planets were not 
real, but merely apparent. 
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Tbe approximatlona obtftined by Ptolemy were 
nearly as exact as obserrationB could be made by 
the instrnmentB of hia day. They would not, how- 
ever, have agreed with moderu meaeures of preci- 
sion. Ptolemy thought that the lines of apaides 
of the planets were invariable, but the old Indian 
astronomers were aware of the displacement of 
both the apsides and nodes of the planetary orbits, 
and the reality of these motions was established 
by the Arabian asta^onomers. The latter also knew 
of the slow diminution in the obliquity of the 
ecliptic. 

Notwithstanding, however, the discoveries they 
made, the Arabians continued to use the epicycles 
of Ptolemy, and in fact this was the only practical 
system in use down to the time of Kepler. It was 
used as a guide to the motions of the planetary 
system forabout 1500 years. A single exception has, 
however, been recorded. Alpetragus, an Arabian 
astronomer who lived in the twelfth century A.D., 
proposed to replace the epicycles by spirals. But 
the attempt was not very successful, and was soon 
abandoned. 

The Egyptians and Chaldeans, who were able to 
predict eclipses, must have had some methods of 
calculation, but these were probably very rough, 
and had they been of any real value, the Greeks 
would most probably have preserved and improved 
theuL The Hindoos and Chinese, who were outside 
the influence of Greek civilization, seem to have been 
the only people among the fmcients who had indepen- 
dent metiiods of calculating the celestial motions. 
Correctly speaking, however, the Chinese had no 
astronomical theory. Their methods o! calculation 
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were empirical, that is, they were founded on observa- 
tion, and not on theory. Th^ did not trouble them- 
selves as to why the planets move as they do, bat 
merely observed the motions, and then formed tables 
for each planet to enable them to predict their posi- 
tions in tiie future. These motionB were supposed to 
be uniform. Afi the planets have a retrograde motion 
for some time when near opposition, discrepancies 
occurred between the predicted and observed places, 
and this difficulty they could not overcome. Beyond 
this point they never advanced, and so they remain 
to the present day, 

The most important of the Hindoo books on our 
present subject is the " Snriya-siddhanta," the author 
of which ia unknown. It is in verse, and is a colleo- 
tion of rules without any theory. By these rules 
the pundits predicted eclipses and the positions of 
the planets. But apparently they did not know the 
reason of these rules, which were expressed in words, 
and not in the form of equations, as in modem caJca- 
lations. Even the numbers used were expressed in 
words, and not by figures, as at present. This added 
to the obscurity of the method, and made It unin- 
telligible, except to the initiated. Although the 
methods of the " Suriya-siddhanta " are inferior to 
those of Ptolemy, they were somewhat more advanced 
in one point, namely, in the use of sines instead of the 
chords of arcs. Cosines are also mentioned in this 
work. The author determined the value of the pre- 
cession more accurately than Ptolemy did, but he 
seems not to have known of the displacement of the 
earth's apogee. He places the equinox near i Fiacium, 
which fixes the date of the work at 572 iuD., and this 
is confirmed by other considerations. 
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With reference to the real distances of the sua, 
moon, and planets from t^e earth, the early astrono- 
mers did not arrive at any very definite conclusion. 
In the tliird century B.C. Aristarchus of Samoa 
attempted to determine the relative distances of the 
sun and moon by obeervations of the moon when in 
quadrature with the sun, that is, at " half moon." 
The principle of this method is easily understood. 
When the moon is in quadrature, the " terminator," 
or boundary line between the dark and bright parte, 
should be a straight line passing through the centre 
of the moon's disc. When in this position the sun 
and earth, as seen from the moon, subtend a right 
angle ; and then measuring the angle between the sun 
and moon, we have all the angles of a right-angled 
triangle, and hence the ratio of the aides. The method 
is an ingenious one, but is not possible in practice, 
owing to the difficulty in determining the moment 
when the moon is exactly half full, due to the irregu- 
larities of its surface. By this method Aristarchus 
found the distance of the sun to be only nineteen 
times that of the moon. Further observations, how- 
ever, led Aristarchus to suspect that the sun's distance 
is much greater, and we now know that the real dis- 
tance is nearly 400 timee the distance of the moon. 

Hipparchus tiiought he might be able to find the 
distance of the moon by means of lunar eclipses. 
If, he argued, the sun may be considered at a very 
great distance compared with the distance of the 
moon, then its apparent diameter, as seen from the 
moon when in opposition, would not differ much 
from the diameter as seen from the earth at the 
same moment. And this assumption is not far from 
the truth. We con then find the length of the 
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earth's shadow, and its observed diameter at any 
time would give the distance of the point on the axis 
of the cone at wliich the shadow would have tiiis 
diameter. Now, the time occapied hy the moon in 
passiag ttirough the shadow, when a Itmar eclipse is 
a central one, gives the diameter of the sliadoWi and 
hence we can Infer the moon's distance. By this 
method Kipparchus found the distance of the moon 
to be 72^ radii of the earth. This numl>er is about 
20 per cent, too great, but hia attempt shows clearly 
his genius and originality. Ptolemy having instru- 
ments superior to those who preceded him, attempted 
a direct measurement of the moon's distance. This 
he tried to do by measuring the moon's altitude 
above the horizon in different lunations. But he 
did not allow for the effect of refraction, and so his 
result was not eo accurate as it might have been. 
Having obtained a value for the moon's distance, 
Ptolemy thought he might proceed to determine 
the distance of the sun from the diameter of the 
earth's shadow. But his observ^^tions were not 
sufficiently delicate for the purpose, and the parallax 
he found was much too large. Knowing the distances 
of the sun and moon, their apparent diameters would 
give, of course, their real dimensions. The ancients 
estimated the apparent diameters very ingeniously 
by noting the time taken by the sun and moon in 
rising or setting. They measured the time by a 
clepsydra, or water clock, and with the same Instra- 
ment they measured the length of the day or night, 
or the time taken by the earth in making one rotation 
on its axis ; or, what comes to the same thing, the 
time of one revolution of the star-sphere round the 
earth. Then the ratio between the time occupied 
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by the Ban in rising or setting and the total length 
of the diurnal rotation gave a fraction which repre- 
sented tiie apparent diameter of the sua with 
reference to 380°, the number of degrees in a circle. 
Thus, if the time taken by the sun in rising or setting 
is found to be two minutes, then its apparent diameter 
would be 57^55, or 755 of a complete circle, and IfJ » J 
a degree, which is roughly the apparent diameter. 
This method was used by the Egyptians, and was 
repeated in Greece by Aristarchus ; but it was justly 
criticized by Hipparchus, who pointed out that the 
measurement was affected by the angle at which 
the sun rose above the horizon. 

The early astronomers seem to have been much 
surprised at finding from the lunar i>arallax that 
the moon's real diameter was at least one-fourth of 
the earth's diameter. From this result they saw 
that the sun, which is so very much farther away, 
most be enormously larger than the earth. This 
discovery must have caused quite a revolution in 
their ideas of the size of the universe. 

As to the sun's real size, opinions differed widely 
among the ancients, as they had no means of 
accurately measuring its distance. Anaxagoras 
(about 600 B.C.) thought it might be a fiery stone 
perhaps about equal in size to ^e Peloponnesus ; * 
but this was objected to on religious grounds as 
being an insult to the god Apollo, and Anaxagoras' 
life was only saved through the influence of Pericles. 
That the sun is considerably larger than the earth 
was admitted by Archimedes, Aristarchus, Hippar- 
chus, Poeidonius, and Ptolemy, but they did not 
agree as to the probable size. 

* The watbem portion of Qreeoe, now called the Mores. 
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Comets were a source of much wonder to the 
ancients, and they failed to account for them by 
the laws of planetary motion. They were, however, 
carefully observed. The course of the comet of 870 
B.C. was described by Aristotle with such accuracy 
that Pingrd was enabled to compute an orbit. 
Meteors were for a long time considered as having 
their origin in the earth's atmosphere. 

Among the Greeks, Orpheus is said to have been 
the first to consider the probability of life in other 
worl<b. Heraclides, and all the followers of Pytha- 
goras, considered each star as the centre of a planetary 
system. The plurality of inhabited worlds was also 
taught by Deouocritus and Epicurus, and Plutarch 
thought it a reasonable hypothesis. Holding these 
views, they naturally believed that the mooa was 
inhabited, and they thought that probably its 
animals were larger and its plants more beautiful 
than ours. 

The early astronomers seem to have had some 
idea of the precession of the equinoxes, but the fact 
was first definitely established by Hipparchus in 
127 B.C. l^e motion was first indicated by the 
displacement of the pole star in the course of ages. 
In the time of Tao (twenty-fourth century B.C.) the 
star a Dracouis was only 2^° from the pole, and the 
smalt star near it, 10 (t) Draconis, was only 1° 46'. 
This latter star — although only of the 5th magnitude 
— was considered as the pole star by the ancient 
Chinese, and they called it Uetir^. a Draconis was 
the pole star of the ancient Assyrians. In the time 
of Hipparchus, the celestial pole formed, he says, a 
quadrilateral with three other stars. These stars 
were possibly 31 (Hevelius) Camelopardali, and two 
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others of the 6th magnitude. Deltunbre, however, 
preferred a and j3 Ursse Minoris and k Draconis, but 
these, although brighter, are much farther ofF, But 
it was not b7 these ciumges of the pole star that 
the precession was discovered, but by the change in 
the position of Ute equinoctial points. Hipparohus, 
comparing the position of the star Spica (a yirginis) 
in his time with its recorded position in the time of 
Timocharis, found that the equinoxes retrograded 
along the equator, said with wonderful genius con- 
cluded that this motion took place round the poles 
of the ecliptic, and not round the poles of the equator, 
and that this movement was not a motion of the 
stars themselves, but a displacement of the sun's 
path. This was perhaps the most remarkable dis- 
covery made by the ancient astronomers. The 
truth of the discovery was not, however, at first 
universally admitted. Germinus, Theon of Smyrna, 
and Cleomedee Ignored it, and Proclus actually 
rejected it as fanciful, because the Egyptians and 
Chaldeans had not discovered it. Others misunder- 
stood it, and, without any good foundation for 
their opinion, thought it was an oscillatory motion. 
According to Theon of Alexandria (fo>ther of 
Hypatia), this oscillation amounted to 8° on each 
side of a mean position, with a period of 25d0 years. 
The Hindoos, however, believed that the oscillation 
amounted to 27°. The Arabian astronomers also 
fell into the same error, and even in the thirteenth 
century a.d. they believed in a circular motion of 
the equinoctial points with a radius of 4° 10', and 
with an oscillation in longitude of 10° 45* in 
a period of 4000 years. Even Copernicus believed 
in something of this sort, but the oscillatory 
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Comets were a soaree of much wonder to tbe 
ancients, and they failed to account for them by 
the laws of planetary motion. They were, ^°^®^®^ 
carefully observed. The course of the comet of 870 
B.C. waa described by Aristotle with such accuracy 
that Kngr6 was enabled to compute an ormt. 
Meteors were for a long time considered as bavuig 
their origin in the earth's atmosphere. 

Among the Greeks, Orpheus is said to liave been 
the first to consider the probability of life in other 
worlds. Heraclides, and all the followers of Pytha- 
goras, considered each star as the centre of a planetary 
system. The plurality of inhabited worids was also 
taught by Democritua and Epicurus, and Plutarch 
thought it a reasonable hypothesis. Holding these 
views, they naturally believed that the moon was 
inhabited, and they thought that probably its 
animals were hu-ger and its plMits more beautifal 
than ours, 
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motion wa3 finally rejected by Tycho Brah& In 
China the discovery of the precession was not made 
until long after the time of Hipparchus. The 
Assyrian astronomers concluded that the period of 
precession waa about 48,200 years, which is nearly 
double its real value. The preces^on is referred to 
by Virgil in the "Ekslogues," and by Dante in the 
" Inferno." The ancients considered it as a period of 
restitution in the life of the universe. 

With reference to the planetary motions, the 
Hindoos Imagined that at the creation the seven 
planets were assembled at the zero of Aries, and 
that at the end of time they will all again be collected 
in the same spot. This idea seems to have been the 
origin of the Hindoo mdha-yuga, or great age of 
4,320,000 years. This is 100 times the Assyrian 
period of precession mentioned above. In China 
this was called the cJiang-^yuen. 
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CHAPTER rV 

THE OIjD GBBBK ASTBONOUBBS 

" At non ingenlo qnAaitma uomen ab ebto 
llzddeli ; iagenio stat dne morte deans." ' 

In the last chapter reference was made to several of 
the ancient Greek aatronomers. The following is a 
short accoimt of the most famous of these old f omiders 
of Greek astronomy. They are given as nearly as 
possible in order of time. 

Thales of Miletus was bom about 640 B.C., and 
died about 532 B.C. He is generally supposed to have 
been the founder of Greek astronomy. He thought 
that the stars are fire, that the moon shines by 
reflected light &om the sim, and that at new moon 
it becomes invisible because its dark side is turned 
towards the earth. Like most of the ancients, how- 
ever, he thought that the earth was the centre of 
the universe — a oatoral idea, perhaps, in the infancy 
of science, but an hypothesis long since exploded. 
He divided the year into 365 days. He calculated 
the height of the pyramids of Egypt by measuring 
the length of their shadows. The pyramids were, 
of course, ancient monuments even in the time of 
Thales. According to Herodotos, Thales predicted 
an eclipse of the sun, a phenomenon which duly 
■ Piopertius, BUgUt, Iv. 1, 63 (iii. 1, 3). 
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occurred, and which put an end to the war between 
the Medes and Lydiane ; but that this prediction was 
really made seems doubtful. It also seems dubious 
whether the ecUpse referred to was really a total 
one, and even the year in which it happened Is some- 
what uncertain. Thales is also said to have measured 
the sun's apparent diameter, but bis result has not 
been recorded. 

Anaximandbr, also of Miletus, was bom 610 B.C., 
and died in 547-B.C., so that he was a contemporary 
of Tiiales, and indeed a diaciple of his. It seems 
doubtful what his astrononiical views really were. 
According to Diogenes Laertes, he believed the earth 
to be a sphere ; but this seems doubtful, as it is not 
referred to by Aristotle. According to Plutarch, he 
thought the earth was shaped like a cylinder or 
column, and that the sun was about equal in size 
to the earth. Plutarch also states that he constructed 
a sphere and horoscope and Invented the gnomon; 
but this account does not seem to be reliable. 

Pythagoras of Samos was bom about 680 B.C., 
and died about 500 B.C. He studied among the 
Egyptians, Persians, and Chaldeans. He seems to 
have known that the earth is spherical. He con- 
sidered the question of the musical notes supposed 
to be produced by the planets and constituting the 
" harmony of the spheres " referred to in the last 
chapter. Pythagoras recognized that the " evening 
star" and the "morning star" were one and the 
same planet, Venus, as we now call it, but in ancient 
times known as Hesperus when an evening star, and 
Phosphorus or Lucifer when visible in the morning 
sky. Pythagoras is said to have died of htmger in 
his old age. 
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PHiLOLAns of Croton was a pupil of Pythagoras 
and a contemporary of Socrates. He thoaght that 
the sun was a glaas disc, which reSected the light of 
the universe I He taught, however, that the earth 
revolved round the sun, like Venus and Mercury. 
According to Plutarch, the views of I^ilolana were 
adopted by Plato in bis old age. Philolaus found 
the length oi the lunar month to be 2di^ days, the 
lunar year 351 days, and the solar year 864^ days. 

Anaxihbnbs, also of Miletus, was bom about 
530 B.C. According to Pliny, he erected the first 
sundial in Lacedomonia ; and according to Theon 
ot Smyrna, he thought the moon ahone by light 
reflected from the sun, and knew the cause of 
eclipses of the moon. He was succeeded by hia 
pupil, 

Anaxaqoras, who was bom about 600 b.c., and 
died In 428 B.c. As stated in the last chapter, he 
thought that the sun was a fiery stone about the 
size of the Peloponnesus. like many of the early 
Greek astronomers, his views were merely based on 
theory, and not tested by any appeal to olnervations. 
He was the first to explain the phases of the moon 
and her motion round the earth. Among his pupils 
■were Emipides, Pericles, and Socrates. 

DBMOCBirns. Bom about 460 b.c., and died about 
SOI B.C. He taught that the earth was a globe sus- 
pended in space, that the moon had mountains like 
the earth, that the Milky Way was an immense 
multitude of stars, and that there is an infinite 
number of worlds in space. He believed that matter 
eondsts of atoms, an hypothesis which agrees with 
modem theories. 

Bhpbdoolbs (abont 460 B.C.) knew the cause of 
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solar eclipses, and that the planets were bejrond the 
moon's orbit. He thought, however, that the sun's 
distance was only three times that of the moon. 

Mbtoh (about 465-385 B.C.) discovered the 
" metonic cycle " in conjunction with ButTTEMON. 

Plato was bom at Athens in 429 b.c., the year 
in which Pericles died, and he lived till 347 B.C. He 
was really a geometer, but deserves to be considered 
as one of tJie earlier promoters of astronomy, as he 
proposed to the mathematicians the problem of repre- 
senting the apparent celestial motions by means of 
circles. Over the door of his house is said to have 
been written ihe motto, " Let no one ignorant of 
geometry enter here." 

EuDOxna of Gnidus, son of Eschinus, was bom 
about 408 B.C., and died about 855 B.C. He was a 
pupil of Archytas, and probably Plato. He was an 
astrologer, geometer, physician, and legislator. He 
had also a great reputation as an astronomer. He 
made various observations in Sicily and in Asia. 
He found the length of the year to be 865* days. 
According to Archimedes, he estimated the sun's 
diameter to be only nine times that of the moon- 
He seems to have written works, which are now lost, 
on the " Period," the " Contour of the Earth," the 
" Phenomena," and the " Mirror." A poetical ver^on 
of the " Phenomena," written by Aratns, is, however, 
extant. 

Abistotlb was bom in 384 B,c. at Stagira, and 
was hence called " the Stagirite." He wrote a -work 
on astronomy, which is now lost, but his work on 
the sky (vtpi mpaym) contains some observations. It 
chiefly consists, however, of theories on the ULotitms 
of the celestial bodies. A commentary on this work 
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was written by Simplioius in the fifth centniy A.D. 
Aristotle was for eome time tutor to Alexander the 
Great. In liis later years he was persecuted on a 
diarge of impiety and condemned to death, but he 
fled to Chalcis, and died there in 822 B.C. He is said to 
have observed an occultation of Hara by the moon, 
and also one of a star by Jupiter, about 357 b.c. 

EUDKBTDS of Rhodes was a disciple of Aristotle. 
He wrote a history of astronomy, of which only a 
fragment remwis. He found the obliquity of the 
ecliptic to be 24°, which was a close approximation 
to the value it had in his time. 

CAUJFPnB of Cyzicus was a pupil of Endoxns and 
a contemporary of Aristotle. He formed a lunar 
period of four metonic cycles diminished by one day. 
This was called a " callippic," and began 330 B.C. 
He also wrote a work on the heliacal risings of the 
planets. 

Hebacudbb of Pontus (about 873 B.C.) was a con- 
temporary of Plato. He wrote several works whidi 
are now lost. According to Simplicius, he believed 
that the earth moved in a circle, while the heavens 
were at rest. 

AuTOLYcns (about 340 B.C.). He wrote two 
books ; one on the moving sphere (Iltpi Kiyov/ior^ 
<n^atpat), and the other on the rislags and settings of 
the stars (n.«pt mroXtuv nai Swrtmt). These are the 
moat ancient of the Greek works on astronomy 
which have been preserved. 

Fythkah of Marseilles— one of the Greek colonies 
>— lived in the reign of Alexander the Great, about 
830 B.C. He used the gnomon to find the altitude 
of the sun at the summer solstice (longest day) by 
means of its shadow. He is said to have observed 
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at Marseilles that on the longest day the height of 
the gnomon was to the length of its ehadow in the 
proportion of 600 to 209. Allowing for the change 
in the obliquity of the ecliptic in 2230 years (aboat 
17' 23"),^ I find that this observation would make 
the latitude of Marseilles about 42° SOJ-'. The oorrect 
latitude is 43° 17' 50", so that Pytheas' obaerration 
was not far from the truth. 

BncuD, the famous geometer, was bom about 
830 B.C., and died about 275 b.c. He is chiefly known 
by his " Elements of Geometry," familiar to every 
schoolboy; but he also wrote a book called the 
" Fheoomena " (^oiyo/uva), which treats of the risings 
and settings of the stars. He recognized that tiie 
earth is a sphere. He also wrote a work on optics. 

TiHOCHARis and Abisttllus (about 8^00 b,c.) made 
some important observations of the positions of 
stars, which were afterwards used by Hipparchus 
in establishing his great discovery of the precession 
of the equinoxes. 

AaiSTAKcenB of Samos (about 310-250 B.C.). 
He wrote a work on "Sizes and Distances." He 
taught that the moon shines by reflected light from 
the sun, and that the earth rotates on an axis. His 
attempt to measure the sun's distance from the earth 
is described in the preceding chapter. According to 
Plutarch, Aristarchus believed that the sun was im- 
movable, and that the earth revolved round it ; but 
in those times it was dangerous to hold such views, 
and, like Anaxagoras, he was accused of impiety. 

1 The obliquit;^ of the eoliptio in 1900 ma, aoooiding to Stock- 
well, 23° ST' 8-36", and cUminlBliiiig at the rata of 0-463" per 
anatim. Eenoa the obliqoitj in the time of FTtbeas would be 
about 23° 27' 8" + 17' 28", ot 28° 44' 81". 
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AiiAT0S was a contemporary of Aristarchas. He 
wrote works entitled the " Phenomena," the " Diose- 
mia " (Signs and Prognostics), and the " Mirror." He 
can hardly be called an astronomer, as he seems to have 
made no observations, and merely vereified the work 
of Ehidoxus. In the " Phenomena " he. gives a descrip- 
tion of the constellations (after Eudoxus). Some of 
liis statements are carious. For example, he says 
tiiat Lyra only contains small stars, but at present its 
principal star, Vega, is one of the highest stars in the 
heavens. He also says that Cygnus contains stars 
neither large'nor small, but one of t^em, a Cygni, is 
now but little below the first magnitude, and ■ and S 
are above the third magnitude. Commentaries were 
written on the work of Aratus by Cicero, Csesar 
Ciennatdcus, and Festus Avienus. 

ARCHiBiBDEa of Syracuse was bom 287 B.C., and 
was killed by the Roman stddiers at the capture of 
Syracuse in 212 B.c. He waa a contemporary of 
Eratosthenes. Although chiefly known as a mathe- 
matician — and one of the greatest that ever lived — 
he also wrote on astronomy. He went to Egypt to 
instruct the priests of that country, Mid at Alexandria 
made the acquaintance of Conon, the geometer, to 
whom we owe the formation of the constellation 
Coma Berenices. Archimedes supposed that the 
sun's diameter was about SOO times that of the 
moon. This would make it about 648,000 miles. 
The real value is 866,000 miles, so that Archimedes' 
estimate was not very wide of the mark. He 
attempted to measure the sun's apparent diameter, 
and found it less than 32' S6", and more than 27' 0", 
But Archimedes was evidently ignorant of trigo- 
pometry, and could not calculate the angle at the 
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vertex of an isosceles triangle when he knew the 
sides and the base. This ignorance of trigonometry 
was ooDunoa to all the ancient astronomers and 
mathematicians down to the time of Hipparchus. 
Archimedes is said to have constructed a sort of 
" orrery " for representing the motions of the 
celestial bodies. 

Eratostbbkbs of Cyrene was bom in 276 B.C. 
He was appointed librarian of the Alexandrian 
library by Ptolemy Bnergetes. He was the first to 
measnre the size of the earth, and employed the 
method used at present. He constructed large 
" armillaa," or fixed circular instruments, for making 
astronomical observations. Most of his writings are 
lost, with the exception of some fragments. A book 
called the " Catasteriams " {(taroCTTtpKr/tdi), or eonatel- 
lafions, is ascribed to him, but the authorship seems 
doubtful. It contains a list of 44 constellations and 
475 stars, but with no accurate positions given. 
Eratosthenes was also a poet, grammarian, philoso- 
pher, geometer, and geographer. Having become 
blind in his old age, he committed suicide by volun- 
tary starvation in 196 b.c. 

Apollohius of Perga in Pamphylia, and hence 
called pei^fflus. He was one of the greatest mathe- 
maticians of antiquity. He lived about 250-220 B.C. 
He wrote a work on conic sections. He seems to 
have held the theory that the planets revolve round 
the sun. 

HiPPAItCHUS, bom about 166 B.C., at Nicsea in 
Blthynia. He was the greatest astronomer of an- 
tiquity, and has been called the Father of Astro- 
nomy. Most of his observations seem to have been 
made at Rhodes. Some say that he also observed 
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at Alexandria, but others deny this. He wrote a 
commentary on Aratns, and this is the only one of 
his works wbicb has been preserved. He formed a 
catalogue of the fixed stars, which was afterwards 
revised by Ptolemy, He discovered the precession 
of the equinoxes, and investigated the motions of 
the moon's nodes and apogee, her parallax, eccen- 
tricity, equation of the centre, and the inclination of 
her orbit. He calculated eclipses. He deduced the 
eccentricity of the earth's orbit, and found the 
length of the tropical year to within 4^ minutes of 
the correct value. He was the first to use methods 
of calculation analogous to modem plane and 
spherical astronomy, and made a better approxi- 
mation to the sun's distance than had been previously 
obtained. Professor de Morgan says of him, " If 
Hipparchus had possessed the pendulum and tele- 
scope, fifty years might have enabled his successors 
to place astronomy in the state in which it stood at 
the birth of Newton." 

POSIDONIUS, a Stoic philosopher, was bom about 
135 B.C., and died about 50 B.C. He observed at 
Rhodes, and constmcted a planetary machine, or 
"orrery." He computed the earth's circumference 
to be 180,000 stadia. Only fragments of his writings 
have been preserved. 

Cc^OHEDBS lived in the reign of the Roman 
emperor Augustus, first century b.c. He wrote a 
book with the title " Circular Theory of the Celestial 
Phenomena" (mmXucrp StopuK tiuv /icroupaiv). This is, 
correctly speaking, a work on cosmography, but 
contains some astronomical researches. He proves 
that the earth is a sphere, but, like most of the 
ancients, he thought it was the centre of the 
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universe. He attempted a measurement of the 
earth's circumference, and gives details. He found 
{rem astronomical observations that the distance 
from KhodeB to Alexandria is about ^ of the eartJi's 
circumference, and taking the actual distance ob 
5000 stadia, the circumference would be 240,000 
stadia. The exact length o{ a " stadium " is not 
very certain, but assuming it to be about 157*5 
metres, or 516*73 feet^^ this would make the earth's 
circumference about 23,4S0 miles, which is a fiurly 
close approximation. 

Gbhincs of Rhodes is supposed to have lived in 
the time of Cicero, about 70 B.C. He wrota a work 
entitled " An Introduction to the Phenomena " 
(turayt^Y^ <(5 to. tJKumiuva). It contains no reference to 
the "Phenomena" of Aratue, and seems to have 
been an introduction to astronomy. He mentions 
the stars which have proper names, such as the 
Pleiades, Hyades, the Manger and Asses (Cancer), 
BeguluB, Spica, the Fishes, Arcturus, Frocyon, Sinus, 
Canopus, etc. He also gives the names of the 
northern and southern conatellatioiis. From this 
list we learn that the little constellation Bqunleus 
(iTnrm) vporoiaj) Was formed by Hipparchns. A note 
added to the work by au anonymous writer gives 
the following list of first magnitude stars : Capella, 
Vega, Arcturus, /3 Leonis, Aldebaran, Procyou, Betel- 
geuse, Spica, Kigel, Sirius, Fomalhaut, Eridani (the 
last of the river), Cauopus, and Centauri— fourteen 
in all. Curiously enough, he omits Altair and 
BeguluB, and includes j8 Leonis. This latter star 
was also rated first magnitude by Ptolemy, and by 
Al'Sufi in the tenth century A.D., but it Is now a 
' Dwyer, "FUnetuy Sjstww," p. 176. 
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little below the second magnitade*; and Altair ia 
fully first magnitude. 

Manilids Uved about aj3. 10. He wrote a poem 
with the title 'Aarpovo/xucw'. 

Mbnelaus wrote a book on the sphere, and made 
some astronomical observations at Rome about the 
year 98 AJ>., in the reign of the emi>eror Trajan. 
He suggested tliat the Milky Way is a collection of 
faint stars. 

ProLBArr. His correct name was Olaudios Ptole- 
nuens Pelnsiniensia. He was an astronomer, mathe- 
matician, and geographer. Little is known of his 
life, but it seems certain tiiat he observed at Alex- 
andria in the years 127 to 151 A.D., during the reigns 
of the Roman emperors Hadrian and Antoninus Pins, 
oad as he survived Antoninus,* he most have been 
alive in a.d. 161. According to an Arabic tradition, 
he lived to the age of 78. He wrote several works, 
including a large one on geography, but his greatest 
work is the famous one known as the " Almagest." 
The correct title of this work is JMcyaXi; Sv)Ta£d« r^ 
'Aorpora/uas. The name Ahnagest is a compound of 
the Arabic at (the) and the Greek p,r/itm (greatest), 
meaning his greatest work. It was translated from 
the Greek into Arabic about the year 827 a.d., 
by Ishak Ibn Houain, by order of the caliph Al 
Mamun, who then reigned at Bagdad. The em- 
peror Frederick II. had It translated into Latin 
about the year 1230, and about the year 1850 
Girardus of Oremona made a translation of it at 
Toledo. A translation by Liechtenstein was printed 
at Venice in 1515. The Greek text was printed 
at Basle in 1528, accompanied by a commentary 
on it by Theon of Alexandria (fourth century). 
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father of the famons Hypatia. This edition was 
edited by Simon GrynuueuB, A Latin translation 
from the Greek was made by TrapezuntiuB (George 
of Trebizond), and printed at Venice in 1527, and in 
Basle in 1511 and 1551. A Greek edition, corrected 
by Halley, was printed at Oxford in 1712. Another 
Greek edition with a French translation was pab- 
ILshed by Hahna in 1816. This edition was chiefly 
derived from a ninth or tenth century Greek manu- 
script preserved in the Bibliothfeque da Boi, Paris. 
Ptolemy's observations were based on those of Hip- 
parchus. Bnt he seems to have made some observa- 
tions himself, as his description of the Milky Way 
appears to be original, and also his alignment of 
certain stars. The inequality in the moon's motion 
known as the evection was discovered by Ptolemy. 
This is the largest of the lunar ineqoalities, and is 
due to the alternate increase and decrease of the 
eccentri(»ty of its orbit. 
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CHAPTER V 

PTOOiMY'S DESCRIPTION OP THE MILKT WAT 

In the Hecoad chapter o f the eighth book of his 
famoiia work the "Almagest," Ptolemy gives a de- 
acriptioa of the Milky Way as he saw it in the 
second century of th e Chriatian era. Aa this deacrip- 
tion ia not, I think, generally known, I give hia 
accoant translated from Halma's French translation 
of the "Almagest" (from the original Greek), pub- 
lished in 1816 (Tome Second, p. 84). I have identi- 
fied the stars mentioned by Ptolemy, and give my 
identification in square brackets. When the mean- 
ing of a word seems doubtful, I give the original 
Greek word used by Ptolemy. Ptolemy says — 

"Such is the order according to which we have 
been able to place the stars. We will add to this 
description what it is possible to aay on the situation 
of the milky zone, as we have observed in each of 
its parts, ia trying to describe the different appear- 
ances. 

*' In the first place, the Milky Way is not a circle, 
but a zone, which is almost everywhere as white as 
milk, and this has given it the name it bears. Now, 
this zone is neither equal nor regular everywhere, 
but varies as much in width as in shade of colour, 
as well as in the number of stars in its parts, and 
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by the diversity of its positions ; and also because 
that in Bome places it is divided into two branches, 
as it is easy to see if we examine it with a little 
attention. The following are the most remarkable 
details we have found, and those most worthy of 
observation. 

" The double portion of this zone has one of its 
points of junction near the altar [Ara], and another 
near the bird [Cygnus] ; and of these two branches, 
the more western or preceding one does not touch 
the other. For they separate at the points of the 
altar and the bird [the hen) [or Cygnus], But the 
following branch touches the rest of the milky zone 
and forms but a single zone, through the middle 
of which we can describe a great circle. We will 
speak of this zone, beginning with the more southern 
portions. 

"These are at the feet of the centaiir, but leas 
dense (dpawTtpa) and darker {dfiavporcpa). The portion 
which is in the Joint of the right hind foot is a little 
more southern than the northern line of the milky 
zone, as well as that which is in iiie left fore knee, 
and that which ia on the right hind ankle [of the 
centaurj. But that of the shank of the left fore leg 
is in the middle of the milky part. While that of 
the same hoof, and that of the right fore hoof [a 
Centauri] are distant, towards the bear, from the 
southern curve, about two of the 360° of a great 
circle. They are denser at the hind feet. Then the 
northern curve of the milky zone is about IJ" from 
the loins of this animal, and the southern occupies 
the hearth of the altar and touches the more northern 
of the two stars which are in the hearth [^ and y 
Arce], and the more southern of the two at the 
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base [0 Arte]. And the northern star of the hearth 
[t Arse], wit^ that which is in the middle, i6 in the 
same milky zxme, and these parts are much more 
transparent [dpaioTcpa]. Its northern part includes 
the three joints placed immediately before the sting 
of the scorpion [6, i, k Scorpii], and the nebulous 
cluster [567 Dunlop], which is behind the sting [X, v 
Scorpii]. The apsis or southOTn curve touches the 
right hind heel of the archer [Sagittarius] and 
includes the star of the right hand. That of the 
southern portion of Sagittarius is outside the milky 
zone, and that of the point of the arrow [y Sagit- 
tarii] is in the middle. The stars of the northern 
portion of Sagittarius are also in the milfcy zone, 
deviating from each other, and from the apsides or 
curves, by a little more than 1°, the southern from 
that of the south ; and the northern from the 
opposite. All which surrounds these three joints is 
a little thicker [ripifia irvKvortpa,'], but that which 
surrounds the point of the arrow is very dense, and 
appears like a smoke. The following portions are a 
little more transparent, and extend up to the eagle 
[Aquila], preserving the same width. The star at 
the extremity of the tail of the serpent [fl Ophiuchi ?], 
which is held by the serpent bearer [Ophiuchus], 
placed in pure air [Kcijucvo$ o^], is distant by a little 
more than 1° from the preceding curve of the milky 
zone. But of the bright stars which are below, 
the two preceding are in the same zone, the more 
southern being at 1°, and the more northern at 2° 
distant from the follovring curve. The following 
star of those which are in the right shoulder of 
the eagle [o- Aquilse] touches the same curve, and 
the preceding [/i Aquileej is included, as well as the 
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preceding bright one ctf those which are in the left 
wing [y AqutUe]. But the bright one of the back 
[a AquilsB ?], and the two which are in a straight line 
with it, almost touch the same curve. After this 
the whole of the arrow [Sagitta] is in the milky zone, 
and the star at its point [7 Sagittse] is 1° from the 
curve towards the east, while that of the notch 
[a Sagitt£e] Ls distant 2° towards the west. The 
portions round the eagle are a little more loaded 
[rvKyoTtpa], and the others are a little brighter. 
The zone then passes over the hen [Cygnus], and the 
apsis of the side of the bars and the west is limited 
by the star of the southern shoulder of the heu 
[y Cygni ?], and by the star of the same wing, and by 
tie two of the southern foot.' The curve towards 
the east and south is terminated by the star at the 
extremity of the southern tarsus [£ Cygni], and in- 
cludes the two unformed (d^p^<uTovs) [t and cr Cygni], 
which are under the same wing, and are distant 
about 2° ; and t^e portions which surround this wing 
are rather full. Those which follow them belong to 
tiiis zone, and are much denser. They appear to 
commence another part, for they bend towards the 
extremity of the other, but leaving a space between 
them. On their southern side they touch the zone, 
which we will now describe, and which is very 
bright at this place of contact. But after this inter- 
ruption of density, which is near the other part, 
it commences from the bright star which is in the 
tail of the bird [a Cygni], and from the nebulous 
cluster of the northern knee [o", o', Cygni]. Then 
these portions curve a little up to the star of the 
southern knee [« Cygni ?], preserving their density, 
I The description here is Bomowhfct obsoure.— J. E, G, 
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which diminishes by degrees to the crown of Cepheus. 
And the side which faces the bear ends at the 
southern star of the three in the crown [t Cephei}, and 
at the following of tiieae t^ree [8 Cephei], at which it 
forms two eleyations {efox^s)> t"ie towards the bear 
and the east, the other towards the south and east. 
After which the Milky Way entirely embraces Cassio- 
peia, except the star at the eztr^mty of the foot 
[i Cassiopeifs]. The southern curve goes up to the 
star in the head of Cassiopeia [£] ; and the northern 
to that which is under the foot of the chair [S?], 
and tliat on the leg of Cassiopeia [t]. The other stars 
which surround it are all within the Milky Way, of 
which the neighbouring portions of the curves form 
a more rarefied current, and those of the middle of 
Cassiopeia show a very extended density. Then 
the right portion of Perseus is included in the milky 
zone. The solitary star outside the right knee of 
Perseus limits the northern side, which is more 
rarefied ; but the southern [side], which is more dense, 
is limited by the bright star which is in the right 
knee [X?], and by the two following of the three 
southern.' The nebulous cluster, which is in the hilt 
of the sword [x], the star of the head [t], that of the 
right shoulder [7], and that of the right elbow [ij], 
are included. The quadrilateral of the right [knee], 
and of the calf of same leg [d], is in the middle of the 
milky zone, but the star of the right heel [e] ia a 
little inside the southern side. Then comes the belt 
of the coachman [Auriga], wliich appears of less 
density. The star called the ehe-goat [Capella] on 
his left shoulder, and the two on his right arm 
[i- and d Aurigse], almost touch the northern and 
> Here the desoiiption ia again obBoute. — 3. E. Q. 
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eastern border of the milky zone. The little star 
which is above and near the left foot [2 or 4 ?] limits 
the western and southern side, and that which is 
half a degree above the right foot [k or x. Al-Sufi] is 
within the same side. The two close stars of the 
left arm, called the kids [17 and ^ Aurigte], are in the 
middle of the zone, of which the milk then passes 
through the feet of the twins [Gemini], showing itself 
rather dense and rather extended round the stars 
which are at the extremities of the feet. The follow- 
ing [20 Aurigee?] of the three stars in a straight 
line, which are on the right foot of the coachman, 
and the following of the two on the club of Orion 
[x* Ononis], with the northern of the four at the 
extremity of his hand If- and /'], limit the preceding 
extremity of the milky zone. The bright one of the 
right hand of the coachman [B Aurigse], and that of 
the following extremity of the foot of the following 
twin [y, i Gieminomm}, are about 1" within the follow- 
ing border. The others at the extremities of the 
feet, ij, n, V, are in the middle of the milky zone. 
Beyond this, it passes by the little and great dog, 
leaving the little one [Procyon] rather far to the 
east, and the great one [Sirius] almost quite outside 
the milky white, towards the west, for it goes like a 
cloud which touches the star on the back of that 
[dog], and also the three following on the neck 
1$, fL, y?]. The solitary star which is above the head 
of this dog, outside and further off, is nearly 2^° 
inside the curve towai-ds the east ; the milky current 
is rather rare ; it goes then through the ship Avgo ; 
the northern and preceding star [i\ among those 
which form the armour [ooTriSiVici] of the poop, limits 
the western curve of the zone. That of the middle 
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of tMs anuotir \x\, and the close ones below, as well 
as the bright one of the deck near the mdder, and 
the middle one of the three on the keel, touch, or 
nearly so, the same side. The northern of the 
three at the foot of the mast limits the curve to- 
wards the east. The bright one at the extremity of 
the gallery is 1° inside the same side. The bright 
one below the armour in the mdder is 1° outside the 
same side. The southern of the two bright ones in 
the middle of the mast [S ?] touches the same side. 
The two bright ones of the same section of the keel 
[y and X?] are about 2° inside the preceding curve. 
At this place the milky current joins the zone which 
passes through the feet of the centaur. Its course is 
rather bright in the ship Argo, but that which 
surrounds the armour is rather dull, as well as that 
which surroimds the foot of the mast and the section 
of the keel. 

" Now, the zone of which we have just spoken, 
forming, as we have said, an interruption near 
that which clusters round the altar, from which 
it recommences, includes the first three contiguous 
joints in the body of the scorpion, and leaves towards 
the west by a degree outside the curved border, the 
following star [r Scorpio] of three which are in the 
body, but the star which is in the fourth joint 
[7 Scorpii] is found in the open space between the 
two zones, at a distance nearly equal one from the 
other, and a little more than one degree. 

" Then the preceding zone proceeds, turning 
towards the east, by a degree of the circle, similarly, 
and terminates the preceding side of the white or 
milky part by the star of l^e right knee of ser- 
pentarius [tj Ophiuchi], and the following side by 
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the star before the eame leg. But the western of 
those at the extremity of the Bame foot [36 (A) 
OphlucMJ touches the same side. Then the weatem 
curve is limited by the star of the right elbow of 
serpentariua [ji OpMuchi] and the eastern side by 
the preceding of two wliich are at the extremity 
of the same hand [v Ophiuchi]. From this place 
there is a considerable interval (BuiXti/i^La), caused 
by the ethereal span, in which are the two stars 
of the serpent's tail [C and rj Serpentis] following 
those of the extremity. Alt t^e tortuous and thin 
part of this zone is a rare and almost ethereal 
current, except that which includes the three 
points, which is rather dense. 

" After this interruption the Milky Way recom- 
mences at the four stars which follow the right 
shoulder of serpentarius [66, 67, 68, and 70 Ophiuchi] ; 
and the bright solitary one placed near the tail of 
the eagle [f Aquilte] terminates, in touching it, 
the curved eastern extremity of this zone, but the 
opposite curve is terminated by the more distant 
of the four just mentioned on the side of the bear. 
From this point the zone becomes brighter and 
contracts in the preceding portions of the beak 
of the bird [Cygnua], almost having the appearance 
of an interruption. But the rest from this beak 
[fi Cygnij up to the breast {y Cygni] is wider and 
denser, and the star on the neck [-q Cygni] is in 
the middle of this density. But a rarer portion 
rises towards the bears from the breast to the star 
on the shoulder of the right wing [B Cygnil as well 
as from the two close stars in the right foot [o' and 
o' Cygni]. Thus, as we have said, there is a total 
interruption between the two zones from the stars 
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of t^e bird above named to the bright star of its 
tail " [a Cygni]. 

As the ancients had probably very keen eyesight, 
Ptolemy's description of the Milky Way is valuable 
for comparison with modem observations. 
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CHAPTER VI 

THE NAMES OP THB STABS 

The names by which the brighter stars are known — 
as least most of them — have come down to us &om 
a remote antiquity. But the original names have 
been more or less altered to suit the requirements 
of our English tongue. Some of the ancient Arabic 
munes were long and difBcult to pronounce, and 
these have been curtailed and otherwise modified. 
An examination of Ijiese old names and the changes 
whidi they have undergone in modem times may 
prove of interest to the general reader. 

We will first consider the brightest stars in order 
of brilliancy, beginning with the brilliant Sinus, 
the brightest of the stellar hosts. The name Sirius 
is supposed to be derived from the Greek word 
irtipuK (aeirioa), which signifies brightness and heat. 
Professor Max MUller thought tiiat the Greek word 
might be traced to the Sanscrit »var or suonaairau, 
Sirius seems to have been worshipped by the ancient 
Egyptians under the names of Sothis and Osiris, and 
the latter name without the initial " O " very much 
resembles our modern name. The Arabic name for 
the star was alshira ai-jamdnija, the bright star of 
Y^men, or Arabia Felix. Perhaps the "word ahira 
might, in the course (rf time, be corrupted into Sirius. 
It was also known as the " dog-star," from the fac^ 
78 
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of its riaing in ancient times with the sun at the 
time when the so-called dog-days ooniinenced. The 
Hebrew name was Sihor. Sirius is supposed to re- 
present the three-headed dog Cerberus, who guarded 
the entrance to Hades in the Greek mythology. It 
is first mentioned by Hesiod. The French word 
aoleU, "tlie sun," is supposed to be derived from 
Syr-ceil, " the eye of Sirius." 

Next to Sirius in brightness is the bright southern 
star Cancans (a Ai^s), which does not rise above the 
English horizon. The Arabic name was kdnupue, or, 
in Greek, Kdym^iK. It was also called by the Arabian 
astronomers siihaVl — from the root aahala — "that 
which traverses a plain," referring probably to its 
low altitude in the Arabian sky, where it would 
appear to move along the southern horizon. After 
Canopus, in order of brightness, comes a Centauri, 
but, so far as I know, this star bears no specific 

Next to Sirius the brightest star visible in the 
Northern, hemisphere is perhaps Arctorus, although 
it is closely rivalled by Oapella and Vega. The name 
Arcturus is derived from the Greek words Spirm and 
oupa, which signify a bear's tail, so called apparently 
because it lies nearly in the continuation of the Great 
Bear's tail. The Arabic name for the star was of- 
aimak-aHf^umih, "the simak armed with a lance." 
According to the Persian astronomer Al-Sufl, w^ho 
wrote a "Description of the Fixed Stars" in the 
tenth century, the word simak means "elevated," 
referring to the high altitude the star attains above 
the horizon. Schjellerup, however, thought that the 
word refei-a to the brilliancy of the star, and not to 
its altitude. 
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The bright star Capella (a Aurigee) derives its 
name from the goat or kid which is represented in 
the arms of Auriga, the waggoner or " charioteer " 
on the ancient globes and maps. The Arabic name 
for the star waa al-mjuk, the meaning of which is 
doubtful. Schjellerup thought it to be the same as 
the Greek word m^, " a goat." The Arabians called it 
" the Guardian of the Pleiades." It waa also called 
Dilgan by the ancients. 

The name of the bright star Vega (a Lyrce) seems 
to have had its origin in the Arabic word vdki, or 
al^na^r al^dki, " the falling eagle," the wings of the 
bird being represented by the stars « and £ Lyrce, 
which form with Vega a little triangle, called by the 
Arabians ett-atac^ " the trivet." But what relation 
exists between a " falling eagle " and the musical 
instrument known aa a lyre (Persian al-lura) is 
not very clear. Possibly, however, as Schjellerup 
suggests, the Arabic word tU^ehaiiidk (a goose) — 
also applied to the constellation Lyra — refers to the 
resemblance in shape between a plucked goose and 
a Greek lyre. The Greek called the consteUation x^^m, 
" a tortoise," whicb also somewhat resembles a lyre in 
shape. 

We next come to Rigel, the brilliant white star 
in the left foot of Orion. The name is clearly derived 
from the first word of the compound Arabic name 
rvijl-aJrdjaiuid, " the leg of the giant " (Orion). It 
may be here mentioned that the three well-known 
stars, 8, c, and £ Ononis, forming " Orion's belt," were 
called by the Arabian astronomers mintakat al- 
d^auzA, "the belt of the giant," and the stars 
forming the " sword " al-lakat, " the gleaned ears 
of com," and also aa)if al-djdbbar, "the sword of 
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the giant." Perhaps the latter word is the origin 
of the name Alg^mr, formerly applied to Bigel. 
ManiliuB says — 

" Orion'8 beaau! Orion's beams I 

^Ig fttftr-q ftmnnft^ bolt ftud ffhining blftd6, 

His isles of iigtit, his diver; BtNun, 
And gloomy gnlf of tnyatio shade." 

Following Bigel in order of brightness, the btight 
star Frocyon (a Ganifi Minorls) may be placed. This 
name is derived from Hie Greek vpoxvav, which means 
the " advanced dog," or the dog which goes before 
Siriufi, the " dog-star," because it rises or appears 
before Sirius in the morning sky. It was called by 
the Arabians oL-schird al-schdmia, or "the Syrian 
Sirius," because it set in the direction of Syria. It 
was also called al-sckird tU-gumaiad, " the blear-eyed 
Sirius," the sister of su?iaU, or Canopus. 

After Procyon in order of brightness comes the 
southern star Achemar (a Eridoni). This name is 
derived from the Arabic dchir al-naJir, "the end 
of the river." But the "Last in the River," the 
iirxarbt roti vora/Mv of Ptolemy, is certainly the star 
6 Eridani, as the description of Ptolemy's star by 
Al-Sufl clearly shows, $ was rated first magnitude 
by Ptolemy and Al-Sufl, but it has now faded to the 
third magnitude. 

The red star Betelgeuse is variable to some extent, 
but at its normal brightness it is not much inferior 
to Procyon. The name Betelgeuse seems to be derived 
from the Arabic ibt al-djauzd. It was also called 
vianJeib cd^aiixd, " the shoulder of the giant." 

We next come to Altair (a Aquihe), a name which 
is clearly derived from the Arabic al-nasr alrtdir. 
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"the flying TtQtnre," a name also applied by the 
ancients to the whole constellatioD, of which the 
Latin name is Aquila, " the eagle." 

The red star Aldebaran (o Tauri) derives its 
name from the Arabic al-ddbar&n, "the attendant 
or follower," because it follows the Pleiades in the 
diurnal motion. It was also called aXn al-tsaur, " the 
eye of the bull." It wae also known by several other 
Arabic names, such as al-fanik, "the great camel," 
the other stars, or Hyades, being called aUkilaa, " the 
young camels." 

Pollux (fi Geminorum) is the southern of the two 
bright stars Castor and Pollux in the constellation 
Gemini, "the twins." They derive their names from 
the famous brothers in Greek mythology. Castor (a 
Geminorum) was called by the AraMans imikaddam 
al-dxiraKn and ras al tandm, " the head of the twin." 
To the two stars they applied the term al-disira aU 
■mabsutai, " the outstretched arm." Pollux is a little 
brighter than Castor. 

Spica (a Virginis) — a word meaning "an ear of 
com " (French ^pi), held in the hand of the Virgin. 
The Arabic name was ai-simdk al-asal, " the unarmed 
simak," the meaning of which is not clear. 

Antares (a Seorpii) is said to be derived from 
the Greek Syripti, meaning " redder than Mars." The 
Arabic name was al-kalb, " the heart of the scorpion.'' 
Hence the Latin name Cor Scorpionis. 

Fomalhaut (a Fiscis Australis). Derived from the 
Arabic fum-al-hut al-cfoanHhi, "the month of the 
eoathem fish." 

Deneb (a Cygni). This name is derived from the 
flrst part of the Arabic name (Seanob al-daeljAdga, 
" the tail of the hen," referring to its position in the 
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ancient flgur» which reprsBented a hen or swan 
flying towards the sonth. 

Begiilus (a Leonis). This name seema to have been 
first osed by Copemicus as the diminutive of rex, "a 
king." Ptolemy called it )8iuxtX«rKot. It was named by 
iAia AraUans al^maliki, " the royal atar," and kalb oZ- 
0804^ " the heart of the lion," whence the I^tin name 
Cor Leonis. This star, with 17 and 7 in the well-!known 
" Sickle," the Arabians called €Llr<biafirat, " the trees 
of hair," and the whole " Sickle " they resembled to 
the raised taU of a lion. In the figure of Leo, how- 
ever, given in Heis' Atlas, the sickle forms the head 
and shoulders of the lion. 

Bellatrix (y Orionis) means "the female warrior." 
ItB Arabic name was of-ncl^'td, and also al-mirzam. 

e Orionis, called Alnllam, from the Arabic aX' 
nizhdm, "the string of pearls," evidently an allusion 
to the three stars 8, c, £ in " the belt of Orion." 

t Orionis, called Alnitak, from the Arabic nitdk 
aZ-djausd, " the girdle of the g^Uuat." 

1} UrsEB Majoris. This star, which is at the end of 
the Great Bear's tail, or handle of the Plough, is some- 
times called Alkaid or Benetnasch, names derived 
trata the Arabic al-kaid, " the Governor," and the 
name applied to the four stars a, fi, y, and 8, sarir 
bandtnaach, " the coach of the children of the Utter." * 
< Ursffi is caUed Alirth, probably a oorraption of the 
Arabic al-^Hn, " the gulf." I Urae Majoris Is called 
Mizar, of which the origin is doubtful. Its Arabic 
name was al-tm&k, "the little she-goat." Close to 
Mizar is a small star now called Alcor, but named 
by the Arabians al-9uhd, " the neglected small star," 

■ liCtiei meana "a bier." n, 3,y,ui(1 t tonned the bisr, and t, {, 
and 1) the mourners foUoning the oofQn. 
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and also al-ackttd, " winter," and al-nvaiaeh, "the little 
litter." With reference to this little star the Arabians 
had a proverb, " I show him al-auhd, and he shows 
me the moon," which seems to imply that it could be 
easily seen by the ancient astronomers, and was not, 
as some have Bapposed, a test of keen eyesight in 
those days. 

|3 Tauri (formerly y Auiigie) is called Nath, a 
word apparently derived from the Arabic al-7uUih, 
"the butting," referring to its position on the tip 
of the bull's horn. Admiral Smyth suggested that 
this might be the origin of the saying, " Not knowing 
B from a bull's foot." 

Mirfak (a Persei) is derived from the Arabic 
aJrmarfik, " the elbow," referring perhaps to its 
poaitloa in the well-known curved line of stars in 



Alhena (y Geminorum). Perhaps derived from 
the Arabic ai-hamat, "a mark made with a hot 
iron on the neck of a camel," a term applied to 
the stars y and $ Geminorum. These were also 
called alrmaXadn, " the star which shines with a 
sharp light." 

S Canis Majoris is sometimes called Wezea, from 
the Arabic al-wesu, "weight," because it does not 
rise much above the southern horizon in northern 
latitudes, as if weighed down. 

Menkalinan (/3 Aurigie). Derived, according to 
Admiral Smyth, from the Arabic menkib-dhi-Vitmn ; 
but this name is not mentioned by Al-Sufl, who calls 
it tavdbi al-atjiUc. 

Polaris (the pole star), called in the Alphonsine 
Tables " Abrucaba," the origin of which is uncertain. 
The Arabic name was a£-dgudai, " the kid." 
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a Ophluchi, Has al-agne. Evidently derived from 
the Arabic rOa at-hatmd, " the head of Peylle, the 



Alpheratz (a Andromeda). A name derived from 
the Arabic mn-rat al-farras, " the navel of the horse." 
It was also called rds alr^rvuaalaaiat, " the head of the 
chained lady." a AndromedEe was Included in Pegaeus 
by Ptolemy. 

Alphard (o Hydras). Prom the Arabic aUfard, 
" the solitary one," because there is no other bright 
star near it. It is also c^ed Oor Hydree. It Is a 
well-known red star, and is so described by Al-Sufi. 
The ancient Chinese observers called it "the Bed 
Bird." 

Ahnach (y Andromedce). A name perhaps derived 
from the Arabic andk al-ardh, " the panther." 

Hamal (a Arietis), " a sheep." The Arabic name 
was al TtAUh. fi and y Arietis were called al-acha- 
ratain, " the two marks," because they were near 
the moon's place at certain times. 

Denebola (/3 Leonis) is a name derived from the 
Arabic dsanab at-Oaad, " the tail of the lion." This 
star seems to have been considerably brighter In 
former times than at present, for Al-Sufi (tenth 
centnry) spe^s of it as " the brilliant and great star 
of the first magnitude which is found on the tail," 
similar words being used with reference to Begulus. 
Denebola was also rated first magnitude by Ptolemy. 
But it is now about one magnitude fiunter than 
BeguluB, and below the second magnitude. The 
Arabians called it al-aarfa, " the vicissitude," perhaxis 
with reference to variation in its light. 

y Leonis was called Algeiba, from the Arabic al~ 
dgabha al-asad, " the front of the lion." 
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Algol 03 Persei). The famous variable star. The 
fluctuations in its light were possibly known to the 
ancient aatronomers, as they called it al-ff&l, "the 
demon," which suggests that the old observers of 
celestial phenomena may have noticed some pecu- 
liarity in the light of the atar. 

P Ceti was called Diphda, from the Arabic oZ- 
dhifda. al-tsani, " the second frog " ; the " first frog " 
being al-dhifda al~au/vaZ, or Fomalhaut (a Fiscis 
Australis). These old Arabic names seem very 
fanciful. 

Alphecca (a Coronas Borealis) is a name derived 
from the Arabic al-7niinei min al-fakka, " the brilliant 
of the crown," or " the gem of the coronet," as it 
has been called by recent writers. 

y3 Andromedse is called Mizar and Mirach. Misar 
means " a girdle," and TtUrach " a mantle or apron," 
both names having reference to the old figure of 
Andromeda, " the chained lady," 

Etanin (y Draconls) is supposed to be derived from 
the Arabic raa al-tannin, " the dragon's head,"^but 
this word is not given by Al-Sufl. 

Schedir (o Cassiopeiie) is perhaps a corruption of 
the Arabic oj-sodr, " the heart." The star is slightly 
variable in its light. 

Enif (« Pegasi). From the Arabic avf, " the ntwe " 
of the horse. It was also called fum al-faraa, " the 
nLouth of the horse." 

( Botitis, called T^ar, Mizar, and Mirse. The 
Arabic names were tabi td-simak, rtyat al-nm&k, and 
rajat al-facca. The modem names are all probably 
derived from the Arabic word nUzar, "an apron." 
It is a fine double star, and the elder Struve called it 
" Pulcherritna " on account of its beauty. 
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Alderamia (o Cephir) is evidently derived from 
the Arabic al-dzira al-jamtn, " the right arm " (of 
the monarch Cepheus). 

Scheat (fi Pegaai) is perhaps a corruption of the 
Arabic aaid, " an arm." 

Algenib (y Pegaai) is probably a corruption of the 
Aralrie name d^anah al-faras, " the wing of the horse." 

/3 Eridani was called Cursa, from the Arabic kurai 
al-djattza tU-rmikaddam, " the anterior throne of the 
giant" (Orion), a name given to the stars k, fi, \li 
Eridani, and t Ononis, which form a trapezium close 
to Rigel, and supposed to form a throne or footstool 
for Orion. 

Ghaph (^ CassiopelEe) ia derived from the Arabic 
lU-kaff al-chaMb, " the tinted hand " (of " the lady 
in the chair"), 

Alwaid (y3 Dracoois) is derived from the Arabic 
ai-avaidz, " the old camels," a term applied to the 
stars V, p, i, and y in the head of the dragon. 

Tindeoniatrix (e Virginia) comes from Provindemia- 
tor, a name given to this star " because It rises in the 
momiiig jufit hefore the vintage." The Arabic name 
was al~av/va, "the crier," perliaps because it an- 
nounced the coming vintage. 

Albirev (j3 Cygni) is a name of doubtful origin. 
The Arabic name was mitikar al dadjudja, "the 
bSEkk of the hen " (or swan). 

There are some other stars which have names 
derived from the Arabic, but those mentioned above 
are the most important ; and even some of those are 
fast becoming obsolete. The names of the brighter 
stars, however, such as Sirius, Canopua, Arcturus, 
Capella, Vega, Bigel, Frocyon, Aldebaran, Spica, 
Alt^r, Betelgeuse, etc., will probably live for all time. 
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CHAPTER VH 

THE EVOLDTION OF ASTBONOHICAL INSTRUUBNTS 

With the view of rendering their observations more 
exact, the Arabian astronomers increased the size of 
their instrmnenta and built large observatories to 
aid them in their labours. In the ninth century a.d. 
one was founded by Albategnius, otherwise called 
Al-Battani, in the palace o£ Aractus, or Rakkab, to 
tiie north-west of Bagdad. The " Alphonsine Tables " 
of the moon's motion were baaed on observations 
made by Albategnius. A little later another was 
erected by Ibn Tunis on the hill of Mokatim, near 
Cairo. It was here that they first attempted to 
measure time by counting the beats of a pendulum, 
and of observing the sun foy reflection from water. 
Towards the end of the tenth century Abul Wefa 
founded an observatory near Bagdad, and followed 
the planets in their orbits round the sun. In this 
observatory there was a quadrant of about 20 feet 
radius, and a stone sextant of 56 feet radius, whic^ 
was used for observing the meridian altitudes of 
the sun. 

In the twelfth century Gabir ben Aflah, known 
as Geber, a Spanish Moor, erected an observatory at 
Giraldi, in Spain. This was the first observatory 
built in Europe. I^ter on, about a.d. 1259, a mag- 
nificent observatory was founded by Ilskhan-Olagon. 
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grandson of Oei^bis Khan, at Meragah, near Taurus, 
and this was the seat of the labours of Nasir-Bddin, 
who published Afitronoinioal Tables, editions of 
Euclid's "Elements," and the "Spherics" of Theo- 
dosius an,d Menelaus. In this observatory there 
were some enormous instumenta, and among them 
a gnomon. 

In the fifteenth century the famous astronomer, 
Ulugh Beigh, founded an observatory at Samarcand. 
This remarkable man, whose real name was Moham- 
med Taragai Ibn Shah-rokh Ibn-Timur, was the 
grandson of the celebrated conqueror Timur-len 
(Timer the lame) — the Tamerlane of modem stories. 
The name TTlugh Beigh means " the great lord." ^ 
Shortly after this the Mongol emperors of India 
established large astronomical instruments in the 
principal towns of their empire. These instruments 
differed but little from those used by Tyeho Brahd 
at the end of the sixteenth century. Tycho Brahd 
had in his observatory at TJraniburgh four enormous 
circles, which were as highly ornamental as they 
were geometrically accurate. 

For six or seven centuries all scientific work 
seems to have been confined to the Arabian astrono- 
mers. Little or nothing was done at Rome or 
Constantinople, and these times have been well 
c^ed the Dark Ages. On the revival of learziing — 
in the period known as the Renaissance — Europe 
acquired all its knowledge from the Arabians, and 
imitated them in their observations as well as in 
other B4uentific matters. But if Europeans were the 
disciples of the Arabians in the twelfth to the 
> Ulogb B^h wM assaadtukted b; order of his eon, AbtUUfttif, In 
the j-eu 1419. 
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fifteenth centuries, they soon went far beyond 
their teachers. 

At first came the invention c^ clocks with weights 
and wlieel-work, which replaced the clepsydras, or 
water clocks, of the ancients. It is often stated that 
the introdnction of clocks was due to WalUngfort in 
the beginning of the fourteenth century, but this is 
a mistoke. Clocks with wheels and weights are 
mentioned as having been used in the abbey of 
Giteaux in the first h^ of the twelfth century.' 
A clock was erected in Westminster Hall in 1288, 
and a Uttle after that date clocks were constructed 
in many places in England. Dante, who died in 
1821, alludes to clocks, and Maratori tells us that 
in the fourteenth century there were clocks in all 
the chief towns in Italy. In these the hours were 
sounded from 1 to 21. In Milan there was a clock in 
the Church of St. Gothard before 1889. Padua had 
one in 1344. This showed the course of the sun and 
planets. The clock of Charles V, in Paris dates from 
1304, and that of Strasburgh from 1868. A mechanical 
contrtTance for regulating the motions of clocks with 
weights is said to have been invented by Gerbert, 
afterwards Pope Sylveatre II. It was somewhat 
similar in principle to the modem escapement of 
clocks and watches. One of these old docks is pre- 
served in the South Kensington Museum, LoDdou. 
Watches are referred to by an Italian poet, Gaspar 
Yesconte, in one of his poems written towards the 
close of the fifteenth century. Like aU the clocks of 
those days, they had at first only hoar-hands. 

For portable clocks and watches it was of course 
necessary to replace the weights by some other 
> Galmet, " Comment^re littentlTe, etc.," vol. i. p. 379. 
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motor-power, and in the year 1671 the spiral spring 
waa introduced by Robert Hooke. In the sixteenth 
century hour-glaBses were used. One of tliese ran 
for 21 hours, and lead powder was used instead of 
sand. 

Walther waa the first to use clocks iu an astrono- 
mical obserratory. This was in 1181. Tycho Brah^ 
used foor, and took an average. Hevelius succeeded 
in obtaining the time accurately to about twenty 



The idea of using a pendulum in clocks regulated 
by an escapement is due to Huygens, who published 
an account of his invention in the year 165S. This 
new departure in clock-making met with a warm 
reception, and after Huygens' invention became 
known, Hevelius was the first to use it in astrono- 
mical observations. The combination of pendulum 
clocks with telescopes has led to the great aconracy 
of modem observations. 

The ancients seem to have bad some idea of 
optical instruments. A lens used as a reading-glass 
would naturally be the first tiling to be thought of. 
In the tumulus of Birs-Nimroud ivory tablets have 
been found engraved with mathematical figures of 
such delicacy and minute accuracy that it seems 
impossible to suppose that they could have been 
executed with the naked eye. And tJiis suspicion 
has been confirmed by the actual discovery of a 
quartz lens in the same ruins. For similar purposes 
the Romans used hollow globes of glass filled with 
water, which acted as magnifying glasses. The 
emperor Nero is said to have used a concave lens 
formed from an emerald to correct his short sight, 
but it seems more probable that he used it on 
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account of the green colonr being good for the eye- 
sight than from any optical advantage it possessed. 

The use of lenses made slow progress, but specta- 
cles seem to have been used towards the end of the 
twelfth century. Combinations of lenses to increase 
<Jie magnifying power were, however, unknown at 
this period. These seem to have been proposed by 
the Italian Fracastor in the first half of the sixteenth 
centary, and about the year 1500 the same inventor 
hit upon the idea of the compound microscope. 

Although the ancients had no knowledge of the 
principle of telescopes formed by a combination of 
lenses, they used mirrors for the purpose of divina- 
tion in their temples, and it is related that in the 
ancient lighthouse at Alexandria there was a metal 
mirror in which ships at a distance could be seen 
more distinctly than with the naked eye— on the 
same principle as the " front view " reflecting tele- 
scope of Sir William Herschel. This mirror is said 
to have been over a yard in diameter, thus exceed- 
ing in size the mirror of Lord Rosse's smaller tele- 
scope. A similar mirror is said to have existed at 
Kagusa in Austria. It does not appear, however, 
that these mirrors were ever used for astronomical 
purposes. 

Before the invention of the telescope, simple 
tubes blackened on the inside were used to cut off 
extraneous light and concentrate the view on 
distant objects. The advantage of these tubes 
seems to have been known to Aristotle and Strabo. 
A tube of this kind is said to have been actually 
used by Julius Ceesar before his invasion of Britain 
for examining the coafrt of England from the 
heights of Cape Oris Nez. They are also mentioned 



■i.Googlc 



ASTRONOMICAL INSTRUMENTS 08 

in the Talmud, written in the flrat or second ceo- 
tury. The ancient inhabitants of America also seem 
to have used tubes for the same purpose, for they 
have been found in the old graves of that country. 
The first of these was found in 1S42 in a tumulus at 
Elisabethtown in West Yirginla, and others have 
since been discovered. They were made of steatite, 
which is soft and easily worked. These tubes varied 
from eight to twelve laches in length. The diameter 
— or " aperture," as it is called in modem telescopes 
— was about half an inc}!, and they were contracted 
near the eye-end to about one-fifth of an inch. That 
these tabes were used for the purpose mentioned is 
proved by the fact that a small statuette found in 
an Indian grave in Bolivia has a tube of this sort in 
its hand and applied to its eye. These tubes could 
not have had lenses in them, as glass was quite 
unknown in America when it was discovered by 
Columbus. 

The principle of the modem telescope seems to 
have been known for a long time before it was 
actually applied in practice. Roger Bacon, writing 
in 1205, describes very clearly the course of luminous 
rayB through leaises, and indicates the arrangement 
necessary for seeing distant objects mf^nufled. The 
real invention of the telescope was probably due to 
some amateur. Glorioso, who succeeded Galileo at 
the University of Padua, states that^ Pope Leo X. — 
who died in 1521 — had in his possession a telescope 
which magnified distant objects. Several attempts 
to show how telescopes might be constructed were 
made in the sixteenth century. Among those who 
wrote on the subject may be mentioned Porta In 
1569. John Dee in 1570, and Thomas Digges in 1501. 
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On October 2, 1608, Lippersbay or Laprey, a 
spectacle-maker of Middlebnrgh, Holland, petitioned 
the States-General to grant him a patent for an 
instrument for magnifying distant objects. Before 
granting bis request,* the States-General asked Mm 
to construct an instrument which could he used wli^ 
both eyes, and in reply he sent them a binocular, 
probably one similar in construction to our modem 
opera-glasses. Meanwhile, on October 17, 1608, a 
man named Jacob Metius — otherwise known as Adri- 
anzoon — son of Adrian Metius, Inspector^General 
of Fortifications, and a well-known mathematician, 
claimed priority in the invention, and stated that 
his first attempt was made ten years previously. 
On February 13, 160fl, the States-G«neral considered 
the claims of these rival inventors, and dedi&ed to 
grant a patent to Lippershay on the grounds that he 
was not the only one to construct the new instm- 
ment. They were, in fact, already being sold by 
Zeeland opticians. In December, 1608, the French 
envoy in Holland wrote to Sully that he had made 
an arrangement with Lippersliay to obtain a tele- 
scope for King Henry IV., and early m 1300 they 
were being sold by a goldsmith in Brussels. 

In May, 1609, Galileo, being at Venice, heard of 
tho new invention, and from details sent to him by 
Badovere from Paris, he constructed a telescope. He 
placed his lenses at the extremities of an organ fnpe, 
and from the tower of St. Mark he sliowed his 
friends the powers of the new instrument. Turning 
his telescope to the sky, he found himself in the 
presence of wonders of which he had previously no 
conception. His observations created much interest 
and astonishment in Europe, and the news of his 
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diecoveries spread with wonderful rapidity. Tlie 
first revelations made by Galileo's instroment were 
the manntaiiis of the moon, the spots on the son, the 
aatellites of Jupiter, and the starry nature of the 
Milky Way. In fact, a new universe was revealed 
to his astonished vision. His telescopes were made 
on the principle of the modem opera-glaes, namely, 
with a convex object-glass and concave eyepiece, 
both being single lens. Hie largeet instrument only 
magnified about thirty times. Galileo foresaw that 
his modest instrument would soon be improved on, 
and that there was practicedly no limit to the future 
obserrations of astronomers. 

The invention of the telescope did not at once 
lead to the improvement of aatronomical measure- 
ments, and it was not till the years 1622-1633 that 
Generini suggested that the old aUdades might with 
advantage be replaced by telescopes. This idea was 
not at first favouraldy received, and Morin, in 
ignorance of his predecessor's suggestion, made a 
similar proposal in 1884. But the only advantage 
derived from its adoption was an improvement in 
the definition of the objects observed, and the idea 
was not of much value until Gaacoigne, in 1640, 
thought of placing parallel wires in the focus of the 
eyepiece, which could be used in making micro- 
metrical measures. In 1667 Auzout and Ficard 
suggested the use of wires in the form of a cross, 
the centre of which could be made to mark the 
optic^ axis of the inatmment. This happy thought 
added greatly to the precision of astronomical 
instruments, and, combined with graduated circles, 
at once enabled astronomers to fix the exact positions 
of the stars with great accuracy. 
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The great progress which has been made in 
accuracy of observation since ancient times may be 
understood by the following facts. The longitudes 
of the stars as given by Hipparchus cannot be 
relied upon as certain within 2". The Arabian 
astronomers reduced this error bo about four or five 
minutes of arc. Tycho Brah^'s obaervationa were 
probably accurate to within one minute, and Hevelius 
attained even greater precision by using simple pin- 
nules. But when telescopes fitted with cross-wires 
were used in combination with graduated circles, 
ttie accuracy was further increased. Bradley's 
observations are probably correct to within eight 
seconds of arc, and, at present, observations at 
Greenwich, Paris, and elsewhere do not probably 
differ &om the truth by even two seconds. 

The same may be said of measures of time. 
Ptolemy could not find the time of the equinoxes to 
less than a quarter of an hour. In the Middle Ages 
they reduced this uncertainty to about five minutes, 
and, with the aid of astrolabes, to about one minate. 
But after the invention of clocks a closer approxi- 
mation became possible. Professor Newcomb finds 
that eclipses observed by Hevelius were correct to 
within 24 seconds. From the beginning of the 
eighteenth century observations were possible to 
within two seconds, and at the present day the 
exact time of a star crossing the meridian can be 
observed to within the tenth of a second. These 
facte show the great progress which has been made 
since the time of the ancient observers. 

When the telescope was first invented, the single 
lenses used in its construction produced what is 
known as "chromatic aberration," which gives rise 
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to a fringe of colour round the objects viewed. This 
colouring interferes with clear vision. To get rid of 
this imperfection — at least to some extent — the cdd 
telescope makers had recourse to instruments of 
enormous length. Hevelias constructed one of 150 
feet in length. Bradley measured Venus in 1722 
with a telescope 212 feet long, and Auzot is said to 
have constructed one of 800 feet, which, however, 
he could not use, owing to its enormous length. 

Sir Isaac Newton made several experiments with 
a view to the improvement of refracting telescopes 
— as telescopes with lenses are called — ^bufc came to 
the conclusion that it was impossible to get rid of 
the chromatic aberration produced by lenses. He 
then turned his attention to the construction of 
telescopes with metalUc mirrors, and succeeded in 
making several which gave satisfactory results. In 
this form of telescope the image, formed by reflection, 
is free from colour, Newton's telescopes were, how- 
ever, very small, and only a few of any size were 
made for about a hundred years, when Sir 'William 
Herschel took up tiie subject and succeeded in con- 
structing several reflecting telescopes of considerable 
size, his largest being no less than four feet in 
diameter. This great instrument was finished in 
the year 178B, and with it the famous astronomer 
discovered the two small satellites of Saturn, Mimas 
and Encelados, and made other remarkable obser- 
vations. In after years a reflecting telescope of four 
feet in diameter and 40 feet long was constructed 
by Mr, Lassell, who took it to Malta, and, with it, 
discovered numerous nebulae. These telescopes were, 
however, soon exceeded in size by Lord Rosse's 
famous instrument of six feet in diameter, completed 
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in 184B. Tins great telescope, which is still the 
largest in the world, is 52 feet in length, and its 
large mirror weighs about four tons. 

Metallic mirrors have in recent years been super- 
seded by mirrors made of glass, ground to the proper 
curvature and silvered over by a chemical process, 
the silver film being then polished. These mirrors 
reflect much more light and give better definition 
than the old metallic mirrors. There is one of these 
" silver on glass " mirrors of four feet in diameter in 
the Paris Observatory, one of five feet diameter was 
made by the late Dr. Common, and another of five 
feet has lately been constructed by Mr. Bitchey at 
the Yerkes Observatory (U.S.A.). Mirrors of even 
eight or ten feet are now spoken of as possible in the 
future. 

Although Xewton despaired of any improvement 
in refracting telescopes, the problem was not aban- 
doned as hopeless, and in the year 1729, two years 
after Newton's death, Mr. Cheater More Hall bqc- 
ceeded in obtaining a combination of lenses of 
different kinds of glass which gave an image free 
from colour. This was the origin of the "achro- 
matic telescope," as it is called, which has made 
such rapid progress in recent years. The combina- 
tion of lenses now employed was devised by Peter 
Dollond in 1758, but the credit of the invention is 
really due to More HaU. 

Further details of the large telescopes of modem 
times will be foimd in my book, "Studies in 
Astronomy " (chap. Ul.). 
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UODBRN THEORIES 

" Dtedpnlus eat prioris poaterioi diss." 

In the fourth century a.d., Julionus is eaid to imve 
thought that the boh, with all the planets, revolTed 
round the earth, that is, that all the planets — except 
the earth — revolve round the sun, and the system 
thna formed revolved round the earth aa a centre. 
This was an fmtaoipation of Tycho Brah^'s system 
by more than twelve centuries. But whatever may 
have been the ideas of the old astronomers, the true 
theory of the planetary system was not arrived at 
until Copernicus appeared. At first methods of eon- 
flrmation were wonting. Even when the " De Revo- 
lutionibns" of Copernicus was published in 1548, 
the truth of the theory rested only on probabilitiea, 
and, to conflrm its accuracy, it was, of course, neces- 
sary to submit it to the crucial test of observation. 
The retrograde motions of the planets when necu* 
opposition were more simply ezpluned by the new 
theory ; but they were also explained with nearly 
as great accuracy by Ptolemy's system. The idea 
of motion in simple elliptical orbits had not yet 
been conceived. Although Copernicus made all the 
planets revolve round a central ruling body, the 
snn, he im^ined them still to move in the epicycles 



Di^ilizDdbyGoOgle 



100 ASTEONOMICAL ESSAYS 

of the ancients. The old scaffolding had not yet 
been remored from the temple of Truth, and these 
antique ideas prevented the heliocentric system from 
being seen in all its beauty. 

After long intervals, however, facts were observed 
which seemed to afford some partial conflrmation 
of the new theory. At the opposition of Mars in 
the year 1582, Tycho Brah^ made an important 
observation. He found that the retrograde move- 
ment of the planet near opposition agreed with 
the Copemican theory, while Ptolemy's hypothesis 
gave an erroneous value of the angular velocity. 
This notable observation remained for a long time 
unpublished, and it seems to have been first an- 
nounced by Mdstlin in 1586. 

But after the invention of the telescope, evidence 
in favour of the new theory was rapidly accumulated. 
The first piece of confirmatory evidence was the dis- 
covery of the phases of Venus by Galileo in 1610. 
These had been predicted by Copernicus in 1513 as 
a necessary consequence of the revolution of Venus 
round the sun in an orbit inside that of the earth. 
Further confirmation was found in the phases of 
Mercury, which seem to have been seen by Simon 
Mayer about the year 1615. These observations 
established the fact that the two inferior planets — 
that is, those inside the earth's orbit — revolved round 
the sun. 

But still a doubt remained with reference to the 
superior planets, or those outside the earth's orbit. 
Here, again, confirmation was afforded by the tele- 
scope. The discovery of Jupiter's satellites, which 
quite evidently revolved round the planet, showed, 
as it were, a miniature of the solar system itself, and 
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exhibited a sort of " object lesson " as to tlie con- 
struction of the larger system, of which Jupiter 
itself formed a member. With reference to the 
motions of these aatellites round Jupiter, it was 
pointed out by Simon Mayer, in 1614, that the 
motion of any satellite with reference to Jupiter 
and the sun is uniform, but this is not the case 
with reference to Jupiter and the earth. This fact 
suggested that it was the sun, and not the earth, 
which formed the centre of Jupiter's orbital motion. 
The satellites of Saturn gave similar evidence in 
favour of tiie new theory. The discovery of the 
progressive motion of light from observations of 
Jupiter's satellites, announced by Roemer in 1676, 
was farther proof tiiat the sun and earth revolved 
round each other. But this agreed with the theory 
of Tycho Brah^ as well as that of Copernicus, and 
further evidence was necessary to decide between 
the two rival theories. This evidence was at last 
found in the discovery of the aberration of light 
by Bradley in 1728, nearly 200 years after the pubh- 
cation of the " De Bevolutionibus " of Copernicus. As 
the aberration of light is due to the earth's motion 
in ite orbit round the sun, this remarkable discovery 
finally decided the question beyond all doubt, that 
it was the earth, and not the sun, which moved in 
an annual orbit. If the earth were at rest, there 
would be no aberration of light. The Copemican 
theory was finally adopted as the correct one, and 
all subsequent obeervatious have tended to confirm 
it. With reference to the earth's rotation on its 
axis, this was proved practically by the pendulum 
experiments of Foucault and Fizeau, recentiy re- 
peated at Paris ; and theoretically by the precession 
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of the equinoxes, which ie only consistent Tritfa the 
hypothesis of a rotating globe. 

Henceforth the solid spheres and the material 
epicycles and deferents were consigned to the Umbo 
of Micient myths, and the planete were seen to 
revolve round the sun in regular curves aad in 
free space, unfettered by any bonds except those 
of gravitation towards the central body. The con- 
ception of the solar system thus freed from the old 
material shackles gained in simplicity and grandeur. 
It is to Kepler that this great reform is really due, 
although, like Copernicus, his views were to some 
extent anticipated by previous writers. The Arabian 
astronomer Arzachel, in the year 1080, noticed that 
of all the planets the motion of Mercury deviated 
most from a circle, and he supposed that its real 
orbit was some sort of oval. From similar con- 
siderations, Beinholdus, in 1642, even suggested an 
ellipse as possibly the true form of the orbit. 
Copernicus also seems to have suspected that the 
planetary orbits are really elliptical. But these 
writei^ had not sufBcient observations at their 
command to confirm the truth of their hypothesis. 
Kepler, however, havibg found a series of observa- 
tions of the positions of the planets made by Tycho 
Brah6, and extending over a period of twenty years, 
undertook an examination of the subject. For this 
purpose he selected the planet Mara, the orbit of 
which, among the superior planets, differs most from 
the cnrcular form. By an ingenious and accurate 
process he traced out the shape of the orbit, and 
found it to be an ellipse. 

The heliocentric revolution of Mars round the 
sun is nearly 887 days, that is, the period, as seen 
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from the sttn, occupied by the planet in revolving 
round the heavens from any given star badk: to the 
same star again. But seen from the earth — which is 
also in motion — this period will not be the same. 
However, if at the end of 687 days we observe the 
geocentric longitude of the planet — that is, its position 
as seen from the earth — this second observation, 
combined with the first, will give the length of l^e 
line joining the sun and Mars in terms of the distance 
of the sun from the earth. From the fine series of 
observations made by Tycho Brab^, Eepler found 
the positions for each 687th day after an opposition. 
In fifteen years the points so found fall in all parts 
of the orbit, and he obtained eight positions, which 
gave him a good general idea of the shape of the 
orbit. This he found was an ellipse with the sun in 
one of the foci. This was a very remarkable dis- 
covery, and constitutes Kepler's first law of planetary 
motion. 

A further effort was, however, necessary to finally 
upset the old ideas of uniform motion in circles. 
And this was accomplished in the following way. 
Kepler found that the sun's apparent diameter 
was about ^ less in summer than in winter. This 
oould only be due to its being farther from the 
earth at apogee than at perigee. He also found that 
the apparent angular motion was about ^ slower 
when its apparent diameter was least. Following 
oat the motion step by step, he found that the line 
drawn from the sun to the planet, known as the 
radAua vector, swept over equal areas in equal times. 
All Bubseqnent observations have been found to obey 
this law, which is known as Kepler's second law of 
planetary motion. 



Di^ilizDdbyGoOgle 



104 ASTRONOMICAL ESSAYS 

Following up his investigations, Kepler discovered 
another and an equally important law. The lengths 
of the periods of revolation of the planets round the 
Bun increase with their distances from the central 
luminary. Kepler tried to find whether there was 
any constant relation between these periods and 
distances. At first he was much puzzled. He had 
no analogy to guide him in the search for such a 
relation, and was obliged to rely on his imagination 
and inventive genius to find some connection between 
the two quantities. For a long time Kepler was 
baffled in his efforts to find the required relation. 
After many attempts, he at last arrived at the 
following result : the . squares of the periods of 
revolution are proportional to the cubes of the mean 
distances from the sun. This is the famous third law 
of Kepler, and its truth has been abundantly verified 
by all subsequent observations and researches- 
Kepler's laws, combined with the Copernican 
system, created quite a revolution in astronomical 
ideas. As it was proved that the distance of a 
planet from the sun was not constant but variable 
to some extent, the Idea of solid crystalline spheres 
was no longer tenable, unless the material composing 
them was supposed to be fiexible like indiarubber. 
Descartes, in his hypothesis of vortices, attempted to 
make the imaginary spheres fluid. He supposed that 
the planets are suspended in spherical liquid layers 
of nearly the same density, which revolve round the 
sun and carry the planets with it. The spheres 
being liquid, there would be nothing to prevent small 
changes in the distance of the planets from the sun. 
Smaller spheres would, he thought, carry the satellites 
round their primaries. But he does not explain why 
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the supposed liquid is carried round the sun, and he 
seems to have overlooked the fact that with the 
same fluid ^ere would be no variation in the planets' 
velocity, and that the orbits of all the planets would 
lie in the same plane. This shows how difficult it 
is for even men of great genius — as Descartes un- 
doubtedly was — ^to free themselves from old ideas. 

The final blow to the system of the spheres was 
given by the comets, which were found to cut the 
orbits of the planets in all directions. It was shown 
by Tycho Brah^ that the comet of 1577, among 
others, described a large curved orbit round the sun, 
and that this curve intersected the orbit of the earth 
and enclosed those of Venus and Mercury. This was 
confirmed by Borelli, who found that the comet of 
1884 was moving in a parabola. 

For a long time previous to the advent of Sir 
Isaac Newton, some of the clearest minds saw that 
in the great system of the sun and planets a mutual 
action of some sort probably existed between its 
members. So far back as the ninth century the 
Arabian writer, Musa-ben-Shakir, thought that at- 
traction was one of the great forces of nature. 
Camillus Agrippa, in 1553, thought that all the 
celestial bodies had an attraction towards each 
other, and that this action applied to the earth was 
the cause of the precession of the equinoxes — a 
remarkable and accurate conclusion. Horrox, well 
known for his observations of the transit of Venus, 
writing in 1635, considered the moon as a projectile 
moved by what he called an emanation from the 
earth, or, in other words, gravity. BuUialdus, in 
1645, went so far as to say that the attraction 
existed in the sun, and if so, this action should 
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decrease in proportion to the square of the distance. 
Borelli, in 1666, also said that on the same principle 
the satellites shonld revolve in elliptical orbits round 
their primaries. These views anticipated to some 
extent the great discovery of Newton ; but the 
authors did not prove their views mathematically, 
and a rigorous demonstration of the law of gravita- 
tion was reserved for Newton. 

In 1674 HiObert Hooke made some experiments 
with a conical pendulum in the hope of discovering 
the cause of planetary motion, and in a letter to 
Newton he pointed out that the curve described by 
projectiles under the action of terrestrial gravity is 
an ellipse of great eccentricity. That attraction 
decreases as the square of the distance was also the 
opinion of Wren and Halley. The latter did not 
succeed in determining the nature of the curve 
described. He sent his views to Newton, bat found 
that this mighty mind had already solved the pro- 
blem. Newton's results were soon after published in 
the famous work known as the " Princlpia." 

Newton's discovery fully explains all the plimetary 
motions, and confirmed the laws of Kepler. If the 
attraction were inversely proportional to the distance 
simply, the sun would occupy the centre of the 
ellipse instead of one of tiie foci. Newton's dis- 
covery not only explains the motions of the planets 
round the sun, but also the flattening of the earth 
at the poles, the ineqnalities in the moon's motion, 
the libration, the motion of the line of apsides, the 
motion of the nodes, the moon's nutation, the pre- 
cession of the equinoxes, and the tides. In mathe- 
matical ability Sir Isaac Newton has never been 
surpassed in the history of the world, and Dr. Johiis<m 
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said of him, " If Newton had flonrished in ancient 
Greece, he would have been worshif^ied ae a divinity." 

Aa the system of Copemiciis was not at first 
generally accepted, so Newton's discoveries were 
for some years looked upon with saspicion by his 
contemporariea. Even the famous Huygens was for 
a long time opposed to them. It must be admitted 
that these objections were not altogether unreason- 
able ; for even at the present day the cause at gravi- 
tation — that is, the method of communication by 
irhich a body acts on another at a distance — ^is as 
great a mystery as it was in the days of Newton. 
But the number of applications of gravity shows 
clearly that the law is correct, although the ca/use of 
its action remains unknown. All the irregularities 
of motion observed in the large and small planets, 
the satellites, and comets, have been found amenable 
to the law, which seems to be a universal one in 
nature. Each dif&onlty which has arisen has only 
added to it another triumph. 

Among the many interesting verifications of 
Newton's law of gravitation may be mentioned the 
tides. About 1000 b.c. the Chinese remarked the 
apparent influence of the moon on the waters of 
the sea. Indeed, this influence was easily recognized 
by the coincidence of high tides with new and full 
moon. It was also known to the Greeks, aa — accord- 
ing to Plutarch — Pythias mentioned it in the fourth 
century B.C., and Seleucns about one hundred years 
later. Oleomedes, writing in the second century A.D., 
stated positively that the tides are caused by the 
moon. The Romans held the same view. Cicero 
states so distinctly, and Julius Ciesar, speaking in 
his commentaries of his invasion of Britain, says 
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that when hia troops embarked at Boulogne, the 
tide was high because the moon was full.' Fliny 
seems to have recognized that the sun, as well as the 
moon, has an influence on the tides. He says, " verum 
causa in aola lundque." The connection of the tides 
with the moon seems also to have been known to 
the Arabian astronomers. But none of these ancient 
writers offers any explanation of the cause of the 
moon's action. Roger Bacon, however, in the thir- 
teenth century, and Kepler in the seventeenth 
century, state distinctly that the tides are due to 
the moon's attraction. But they could make no 
calculation as to the height of the tides, for the law 
of gravitation had not then been discovered. 

Galileo seems to have differed from the general 
opinion on the subject. He thought that the tides 
were in some way caused by the earth's motion of 
rotation and revolution. But his theory did not 
agree with the observed facts. Descartes, in 1644, 
returned to the lunar theory, but as he did not 
know the law of gravitation, he could not make 
much progress in the matter. He tried to connect 
the tides with his imaginary fluid which carried the 
planets round the sun, but his theory failed to 
represent the observation, and had to be abandoned. 
Newton's discovery when applied to the tides by 
liaplace, was found to be quite satisfactory, and thi^ 
formed another proof of the law of gravitation. 

Let us now consider some further proc^ of this 
remarkable law. Xewton himself seems to have 
gone no further than to show the cause of the 
phenomena, and did not enter into any numerical 

■ Hq sajs, " Eadtm itoele aecidit, ut tuet luna plena, qui diet 
maritimaa tutui nuaimoi in Oeeano tffioere eomuMit," 
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details. These calculations were soon taken up by his 
successors in the field of mathematical astronomy. 
Clairaut found for the motion of the moon's perigee 
only half the value ^ven by obserration, and went 
so far as to suggest that some change was necessary 
in the law of the inverse square. Buffon, however, 
believing in the truth of Newton's discovery, sug- 
gested that the difference found by Clairaut was 
due to an error in the calculaiions. He therefore 
tried to induce Olairaut to re-examine his work. 
This, after some hesitation, Clairaut did, and found 
that when his calculations were carried to a greater 
degree of accuracy, the difference disappeared, and 
his results agreed with observation. This was the 
first great triumph for the law of gravitation. 

A second difficulty was soon found in the varia- 
tion of the velocities of Jupiter and Satom in their 
orbits, a variation which had long been a subject 
of mystery. The deviation is rather considerable, 
amounting in the course of 2000 years to a difference 
of 3° 49' in the longitude of Jupiter, and 0° 15' in 
that of Saturn. The question having been carefully 
investigated by the famous Laplace, he found that 
the observed deviation was due to the fact that five 
revolutions of Jupiter were almost exactly equal to 
two revolutions of Saturn. This fact gives rise to 
a great reciprocal perturbation between the two 
planets with a period of about 930 years. This was 
another great triumph for the law of gravitation. 

Another difficulty arose in what is called the 
secular acceleration of the moon's mean motion, an 
acceleration which did not seem consistent with 
the law of gravitation. The acceleration was dis- 
covered by Halley. The question was considered 
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by Lagrange in 1774, but he only succeeded in show- 
ing that the variation is not dae to the inflaence of 
t^e earth's figure on the moon's motion. In fact, he 
found no explanation for the observed aoceleration. 
Laplace •woe, however, more succeasf ul, and showed, 
in 1786, tliat the acceleration was caused by the 
secular diminution in the eccentricity of the earth's 
orbit. Although this theory undoubtedly explains 
the eattse of the observed acceleration,it does not seem 
to indicate the amount of the acceleration with suffi- 
cient accuracy, the theoretical amount being about 
6 seconds per century, while tbe observed quantity 
is about 8 seconds. It has been suggested that the 
difference between calculation and observation may 
possibly be due to a slow change in the length of the 
terrestrial day, caused by a retardation of the 
earth's rotation on its axis produced by tidal 
friction. This slight lengthening of the day would 
diminish the number of seconds in a month, and 
thus make the month a^pparently shorter. But the 
amount of this supposed action of the tides on the 
earth's rotation is at present very uncertain. 

There are some other irregularities in the solar 
system which the law of gravitation does not 
explain exactly. Among these may be mentioned 
the secular movement of the perihelion of Mercury's 
orbit, which exceeds in amount that indicated by 
theory. Tills difference cannot be explained by the 
action of onknown planets between Mercury and 
the sun, for if this were the cause, it may be shown 
that the node of the orbit would also be affected, 
and observations show that this is not the case. 

There are also some small irregularities in the 
moon's motion which are not well represented by 
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oalonlation. Professor Newcomb has found one 
which may perhaps be due to perturbations caused 
by the planet Jupiter. There are others, however, 
which have not yet been thoroughly explained, or of 
which the coefficients in the mathematical formulas 
haTenotyetbeenacGuratelydetermined. In fact, the 
obserratioa of the moon's place at any time cannot 
be represented to within less than 5 or 6 seconds. 
But these are minor points, and, notwithstanding 
slight differences between tJieory and observation, 
vre may say that Newton's law of gravitation gives 
a true explanation of very numerous phenomena. 
It ia one of the greatest examples in the whole 
range of science of the principle of inductive reason- 
ing conflrmed by an appeal to the crucial test of 
observation. 

After Newton's death, his work was continued by 
several famous mathematicians. In the words of 
the unfortunate Bailly,^ " As the empire of Alexan- 
der was divided among his successors, so the sceptre 
of Newton passed into the hands of Clairaut, Euler, 
and D'Alembert." To these illustrious names may 
be added t^ose of Lagrange and Laplace. 

' Jean Sjlvain Btdll; lost his lite during tbe French Berolntion. 
He WBS guUlotined at Paris on NoTembex 10, ITdS, on the sune 
day that the " Feast of Beason " was held In the Cathedral of Notre 
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CHAPTER IX 

MICHELL'S ASTBONOHICAL VIBWS 

One of the boldest and moBt original thinkers on 
astronomical subjeeta was the Rev. John Michell, 
B.D., F.R.S., who lived in the eighteenth century. 
He immediately preceded Sir William Herschel, 
whose fame seems to have eclipsed that of his great 
predecessor. Michell was bom in 1725, and took his 
degree at Cambridge as fourth wrangler in 1748, 
when Sir William Herschel was only ten years old. 
Michell's name is not even mentioned in many 
biographical works which give a lengthy account of 
much smaller men, and his name is hardly known to 
the general reader. This may be partly due to the 
fact that his speculations were far in advance of his 
time; but he certainly anticipated many facts and 
theories which are now known to be true, and some 
of his theories have been unfairly credited to other 
astronomers. The discovery of binary or revolving 
double stars is really due to Michell, although 
usually ascribed to Sir William Herschel. It was 
clearly shown by Michell that very close pairs of 
stars are probably physically connected and revolve 
round each other, and the fact was afterwards proved 
by Sir William Herschel from actual measurements. 
Michell was a Fellow of Queen's College, Cambridge, 
where he held several professorships between the 
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years 1751 and 1762. He was elected Fellow of the 
Royal Society in 1760. Later on he became Rector 
of Thornbill in Yorkshire, and died there on April 
21, 1793. His views are very original and suggeBtive, 
and he ie certainly entitled to rank among the 
greatest of English philosophers. 

In the year 1767 Michell pablished a very interest- 
ing and remarkable paper in the PfvUosopJvioal Trana- 
adioTiB of the Royal Society for that year. The 
title of the paper is, " An Inquiry into the probable 
RtiraUcLC and Magnitude of the fixed Stars frow, the 
QuanHty of Light which they afford us, and the par- 
titndar Cirou/mstance of their Situation." In this 
important paper Michell arrives at some conclusions 
which were very much in advance of his time. Some 
of these views are now known to be correct, and a 
short account of his speculations may prove of 
interest. 

He first states that the distance of the stars is so 
great that a good determination of their parallax 
had not been made in his time. In order to arrive 
at some estimate of their probable distance from the 
earth, he assumes — and his assumption was a very 
reasonable one — that, on the average, the stars are 
equal in size and " natural brightness " to our own 
sun. By " natural brightness " he evidently means 
the intrinsic brightness, or luminosity, of their 
sorface per unit of area. He then attempts to 
compare the brightest fixed stars with the planet 
Saturn. He assumes that when the earth and Saturn 
are at their mean distances from the sun, and the 
rings invisible, the planet is " nearly equal in light 
to the most luminous fixed stars." If by this ex- 
pression he means an average star of the first 
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magmtade, the estimate is about eorreot, for, accord- 
ing to the HajTard photometric measures, Satuni) 
without his rings, is veiy slightly brighter than an 
average star of the first magnitude. It would not, 
of course, be true for Sirius and the very brightest 
stars, which are brighter than the first magnitude. 
Taking into occouot Sattim'a distance from the sun, 
and his apparent diameter, and assuming that the 
planet reflects all the light which falls upon it, he 
finds that tJie light of the sun is 18,100,000,000 times 
that of Saturn. Hence the sun should be removed 
to a distance equal to the square root of this, or 
about 220,000 times its present distance, in order to 
reduce its light to that of a star of the first magni- 
tude. This would give a parallax of about one 
second of arc for stars of this magnitude. This is 
not far from the truth in the case of a Centauri, the 
nearest of the stars, hut would not be correct for 
aU stars of the first magnitude, most of which are 
certainly at a much greater distance. Making allow- 
ance for the want of refiecting power in Saturn, he 
assumes that it reflects " only a fourth or a sixth " 
of the light whitdi falls upon it. But this estimate 
is too small, and assuming an "albedo" of 0'52, as 
found by Z&lluer, the above distance should be in- 
creased by the square root of -q-^. This would make 
l^e distance about 803,000 times, and the parallax 
about O'flS second. This is a remarkably close approxi- 
mation to the parallax of a Centauri (0'75 second). 

Michell suggests, however, that both the magni- 
tude and brightness of the stars may differ greatly 
from those of the sun, but that, on an average, the 
assumption of equal size and brightness may not " be 
wide of the truth," " some exceeding and some falling 
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short of it." He adds, "we may perhaps judge in 
some degree of the native brightness of difFerent 
stars with respect to one another by their colour, 
those which afford the whitest light being probably 
the most luminous." This is another remarkable 
prediction, which we now know to be true, Siriua 
and other white stars being much more lominons 
than the sun in proportion to their mass. In con- 
nection with this portion of his researches he 
anticipates a method of calculation of the brightness 
of binary stars which is now used to determine their 
relative brightness from their computed orbits. He 
saya (p. 238, footnote) — 

" If, however, it should hereafter be found that 
any of the stars liave others revolving round them 
(for no satellite shining by borrowed light could 
possibly be visible '), we should then have the means 
of diacovering the proportion between the light of the 
sun and the light of the stars, relatively to their 
respective quantities of matter [that is, their mass] ; 
for in this case the times of the revolutions, and the 
greatest apparent elongation of those stars that re- 
volved about the others as satellites, being known, 
the relation between the apparent diameter and the 
densities of the central stars would be given, what- 
ever their distance from ua ; and the actual quantity 
of matter which they contained would be known 
whenever their distance was known, being greater or 
less in the proportion of the cube of that distance. 
Hence supposing them to be of the same density as 
the sun, the proportion of the brightness of their 
sorfaces, compared with that of the sun, would be 
known from the comparison of the whole of the light 
which we receive from them, with that which we 

• This is quite correct, as I ha^e shown elsewhera. See my 
" StadieB in ABtconomy," p. 113. 
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receive from the sun ; but if they should happen to 
be eitlier of greater or less density than the sun, the 
whole of their light not being as affected by Wiese 
suppositions, thedr surface would indeed be more or 
less luminous, accordingly as they were, upon this 
account, less or greater ; but the quantity of light, 
corresponding to the same quantity of matter, would 
still remain ^e same. 

" The apparent distances at which satellites would 
revolve about any star would be equal to the semi- 
annual parallaxes of these stars, seen from planets 
revolving about the sun, in the same periodical times 
with themselves, supposing the pai-allaxes to be such, 
as they would be, if the stars were of the same size 
and density with the sun." 

Here we have a clear account of the method now 
used for ccoaparing the relative brightness of binary 
stars, and the credit of the suggestion seem^ certainly 
due to MichelL The above extract also shows that 
he saw the probability of the existence of binary 
stars — afterwards proved by Sir William Herschel. 
He again considers the hypothesis further on in the 
same paper. 

He states his opinion that the apparent diameter 
of the stars must be exceedingly small, and that 
even in the case of Sirius it must be less than " the 
hundredth, probably the two-hundredth part of a 
second," and could not be seen with a telescope 
magnifying 6000 times. This we now know to be 
quite correct ; the apparent diameter of a Gentauri 
— the nearest of the stars — certainly does not exceed 
the hundredth of a second. The impossibility of 
determining the apparent diameters of the stars 
compels us therefore to estimate their size by their 
parallax and the quantity of light which they emit 
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compared with tliat of the sun. This would, how- 
ever, give only an approximate result, as some of 
the stars may be more expanded than the sud — that 
ia, of leea density, as is probablyjthe case with Sirius ; 
or more condensed, as its satellite may be. 

Assiuning the parallax of Sirius to be about one 
second, he proceeda to determine the probable parallax 
of the fainter stars. He says that the light of Sirius 
does not exceed that of stars of the sixth magnitude 
in a greater proportion than 1000 to I, nor a less 
proportion than 400 to 1,* and he thought that the 
smaller stars of the second magnitude are about a 
mesa between the two. Prom this he condudes that 
stars of the sixth magnitude are at a distance of 
from 8,000,000 to 12,000,000 times that of the sun, 
and the distance of small second-magnitude stars 
^ould be about 2,000,000 times the same distance. 
On the hypothesis of equal size and brightness, 
modem measures would make the parallax of sixth- 
magnitude stars (compared with Sirius) about the 
hundredth of a second, or about 20,000,000 times the 
son's distance. Compared, however, with a Centauri, 
their parallax would be about 0'05 second, or only 
about 4,000,000 times the same distance. 

Michell thought that the collection of the stars 
into groups or constellations is due to "some general 
law (such, perhaps, as gravity)," and he considers 
"what it is probable would have been the least 
apparent distance of any two or more stars, any- 
where in the whole heavens, upon the supposition 
that they had been scattered by mere chance." He 
shows that for two stars the probability against one 
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star being by chance within 1° of another star ia 
about 18,181 to 1. We must, however, consider the 
number of stars in the sky of not less brightness 
than those in question. For the two stars of p Capii- 
comi he finds that the odds are about 80 to 1 
against the combination being a chance one. For the 
Pleiades he finds the odds to be 500,000 to 1 "that 
no six stars out of the number (1500) scattered at 
random, in the whole heavens, would be within so 
small a distance from each other as the Pleiades are." 
He says that the Pleiades, examined with a telescope, 
show a large number of smaller stars, and that this 
increases the odds against their coUectiou by chance 
to " many millions to one." But we now know that 
this reasoning is not valid ; for although photography 
has shown over 2000 stars in the group, it has also 
shown that the surrounding sky is on all sides equally 
rich in small stars. It therefore seems that most of 
the fainter stars in the Pleiades do not belong to 
the cluster, but are probably far behind it in 
space. 

With referen<» to the "proper motions" of stars, 
he says, " This apparent change of situation may be 
owing either to the real motion of the stars them- 
selves, or to that of the sun, or partly to the one and 
partly to the other" (footnote, p. 852). This is a 
remarkable prediction, and one we now know to be 
perfectly correct. He supposes that there may be 
some faint stars which have a " less real magnitude," 
and may " belong to the same system with the sun," 
and for these a parallax might be found. This is 
another remarkable forecast. Several faint stars are 
now known which have a larger parallax than many 
of the brighter stars, and these are probably much 
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smaller than our sun. He seems to tMnk that vari- 
able stars and red stars may perhaps be nearer to us 
than others. Bnt this surmise has not been verified. 
Variable stars seem to lie at a great distance from 
our system, and very few red stars have any 
measurable parallax. 

Assuming the number of stars belonging to our 
system at about 1000, and supposing the sun to be 
an average-sized member of the group, Michell finds 
that at the mean distance of the other stars he would 
" probably rank only with stars of the fourth magni- 
tnde," and taking the parallax of Sirius at one second, 
the parallax of one^half the stars of the group would 
be about ^ of a second, or about 0-07 second, and the 
parallax of none of these would much exceed | of a 
second. Supp(»ing the number of stars in the solar 
group to be only 850, the sun would then rank with 
stars of the third magnitude, and in this case the 
parallax of oue-half of the stars would be about 
0-14 second, and the parallax of none of them would 
be more than one second. In the case of 1000 stars 
in the group, he thought that the largest stars would 
not be more than 1000 times the size of the sun, and 
if the group contains only 850 stars, the largest stars 
would perhaps exceed the sun " in the proportion of 
about 120 to 1." 

He then returns to the Pleiades, and attempts to 
find the probable distance of the cluster. Assuming 
that the duster has no great extension in the line 
of sight, or, in other words, that it is roughly globular 
in form, and further assuming that the average dis- 
tance between the six stars visible to the naked eye 
is equal to the average distance between the stars of 
the supposed solar cluster, he finds that the probable 
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distance of the Pleiades (aasuming their diameter to 
be about 2°) is " about 57 times as great aa tiie mean 
distance of the stars of oar system from the earth." 
Prom this he concludes that i) Tauri (Alcyone) — ^the 
brightest of the Pleiades — is about 185 times larger 
than Sirius, and jxissibly this estimate of its size 
may not be far from the truth. 

With reference to the nebalee, Midiell suggests 
that many of iliem may consist of stars not distin- 
guishable by the telescopes in use in his time — 
another remarkable prediction which has been fully 
verified by modem observations. 

In the FhUoaophiccU Tranaactiona for the year 
1784 there is another paper by Michell with the title, 
" On the Means of diacovering the Distance, Magni- 
tude, etc., of the fixed Stara, in conaegnence of the 
Diminution of the Velocity of their Light, in case such 
a Diminution should be found to take place in any of 
them, and avxh other Data should be procured fi-om 
Observation aa would be farther necessary for that 
Purpose." {In a letter to Henry Cavend/iah, Esq., 
F.R.S. and A.S.) In this paper he considers the 
possibility of finding the distance of the stars from 
"the diminution of the velocity of light" due to the 
attraction of the stars themselves. This idea was 
of course based on the " corpuscular theory " ot light, 
which supposed that light was due to small corpuscles 
shot out by the sun and stars, a theory which was 
then in vogue. On this theory the velocity of tbe 
particles emitted would be gradually reduced by 
the attraction of the sun or star, in the same way 
that a body projected upwards from the earth 
gradually loses its velocity, and after a time is 
drawn back to the earth again. If, however, the 
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velocity of projection were sufSciently great, the 
body would not return. On this theory, if a star had 
a sufBciently enormous mass it might be able eventu- 
ally to destroy the velocity of the emitted light cor- 
puscles and draw them back to its surface. In this 
case tlie star would be invisible, as none of its light 
could reach us. This was a very ingenious specula- 
tion, but the corpuscular theory having been aban- 
doned in favour of the wave theory, Michell's views 
on this matter are now untenable. He gives some 
calculations with reference to the size of a body which 
would be sufficient to draw back the emitted light 
corpnscles, and finds that its diameter should be at 
least 497 times the sun's diameter, the densities of 
the star bodiee being the same. This would give an 
enormous mass, but even with snch a mass, we now 
know that there would be no diminution in the 
velocity of light. 

Michell clearly shows in t^iis paper that be was 
aware of the probable existence of binary stars, 
thus anticipating Sir William Hersdiel. He says, 
" The very great number of stars that have been dis- 
covered to be double, triple, etc., particularly by Mr. 
Hbrschbi,, if we apply the doctrine of chance, as I 
have heretofore done in my ' Enquiry into the Probable 
Parallax, etc., of the Fixed Stars,' published in the 
PhUoaophical Trarisactwna for the year 1767, cannot 
leave a doubt with any one, who is properly aware 
of the force of those arguments, that by far the 
greatest part, if not all of them, are systems of stars 
so near to each other, as probably to b© liable to be 
affected sensibly by their mutual gravitation ; and it 
is therefore not unlikely that the periods of revolu- 
tion of some of these about their principals (the 
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smaller ones being, nx>on this hypothesis, to be con- 
sidered as satellites to the others) may some time or 
other be discovered." This remarkable prediction 
has been abundantly fulfilled. The orbits of over 
fifty binary stars have now (1906) been accurately 
compnted, and many others are known to be certainly 
binary. 

With reference to the real brightness of the stars, 
Michell says, " It is not unreasonable to soapect that 
very possibly some of the fixed stars may have' so 
little natural brightness in proportion to their mag- 
nitude, as to admit of their diameters having some 
sensible apparent size, when they shall come to bo 
more carefully examined, and with larger and better 
telescopes than have been hitherto in common use." 
None of the stars have l>een found to show any real 
disc, but some small planetary nebulse are now 
known which look like faint stars in the telescope at 
first sight, but show a perceptible disc when examined 
v/itii high magnifjring powers. Michell also suggests 
that some variable stars, like Mira Cetit might 
possibly show a disc with high powers, but this idea 
has not been verified. 

He makes another remarkable prediction with 
reference to supposed dark Ixxlies in space. He says, 
" If there should exist in nature any bodies whose 
density is not less than that of the sun, since their 
light could not arrive at us ; or if there should exist 
any other bodies of a somewhat smaller size, which 
are not naturally luminous, of the existence of bodies 
under ei^er of these circumstances we could have 
no information from sight; yet if any luminous 
bodies should happen to revolve about them, we 
might still perhaps, from the motions of these 
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revolving bodies, infer the existence of the central 
ones with some degree of probability, aa this might 
afford a clue to some of the apparent irregularities 
of the revolving bodies, which would not be easily 
explicable on any other hypothesis." Thie idea, 
although based on an erroneous hypothesis, has 
been fully realized by the discovery c^ spectroscopic 
binaries, and the satellites of Sirins and Procyon.' 

Michell did other scientific work. He invented 
the well-known torsion balance for weighing the 
earth. The invention of this instrument ia often 
ascribed to Cavendish, who osed it in his famous 
experiment. But the invention was really due to 
Hichell, and this was admitted by Cavendish himself 
in a communication to the Royal Society. In a paper 
read on Jnne 21, 1708, Cavendish says, "Many years 
ago, the late Rev, John Michhll, of this Society, 
contrived a method of determining the density of 
the earth by rendering sensible the attraction of 
small quantities of matter ; but, as he was eaga^^ 
in ot^er pursuits, he did not complete the apparatus 
till a short time before his death, and did not live 
to make any experiments with it. After his death, 
the apparatus came to the Bov, Francis Johk Htdb 
Wou^ASTON, Jacfcaonian Professor at Cambridge, who, 
not having conveniences for making experiments 
with it, was so good as to give it to me." ' 
' Phil. Trans., 1798, p. 469. 
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CHAPTER X 

Sm WILLIAM HHBSCHBL'S ASTBONOHIOAL THBOBIBS 
AND OBSEB?ATIONS 

" Ckelorum permpit olausba." ' 

Thb famous astronomer, Sir William Herschel, was 
an excellent observert and his aBtronomical theories 
were bold and Buggeative, although always controlled 
by philosophic caution. In the following pages I 
propose to consider especially his nebular and 
sidereal theories. TTis papers on "the construction 
of the heavens" and the constitution of the Milky 
Way, star clusters, and nebulie, are scattered through 
the volumes of the Phitoaophieal Ti^naactiona of the 
Royal Society for the years 1784 to 1818, and as these 
Tolumea are not to be found in every library, an 
account of Hersehel's theories and observations may 
prove of interest to the general reader. 

Before considering these theories, let us first 
glance at some papers of Hersehel's on the distance 
of the fixed stars, and on the sun's motion in space. 
In the Fh'Sosophvxil Transactions for 1782 (p. 82) 
there is a paper by Herschel, " On the Paiullax of 
the Fixed Stars." He says that up to his time the 
best observations made with a view to determine 
the distance of the stars had only succeeded in 

' From bis epitaph in the chnioh of Bt. Lawranu »t Upton. 
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giving "a distant approximation" to the truth, but 
showed that the diBtance of the nearest star " cannot 
be less than forty thousand diameters of the whole 
annual orbit of the earth." The want of a base line 
Bufficiently long for the purpose is the great difficulty 
in this investigation, for, as Herschel says, " the 
whole diameter of the annual orbit of the earth is a 
mere point when compared to the immense distance 
of the stats." After describing ^e difBculties con- 
nected with the measurement of the star's parallax 
by the direct method, owing to refraction, nutation, 
precession, aberration, etc., he describee the method 
of measuring the parallax by olwervations of two stars 
apparently close together, but in which one of them 
is far behind the other in space. This method, he 
says, was first suggested by Galileo, who did not, 
however, suppose ijie two stars to be very close 
together (that is, apparently close). 'Hie method 
was also mentioned by other astronomers. To fulfil 
the necessary conditions for success, he says that the 
stars forming the optical double — as such doubles are 
now termed — must be close together, and must 
" differ as much in magnitude as we can find them." 
He thought that by this method it woidd be possible 
to find a parallax as small as the tenth of a second 
of arc, and shows that the errors due to refraction, 
aberration of light, etc., will foe imperceptible in 
such observations. He advocates the use of high 
powers for the measurement of the companions of 
donble stars, but says that c Bobtis will not bear the 
same power as Castor ; stars which are equal, or nearly 
so, bearing a higher power than those with unequal 
components. He found that an eyepiece with a single 
lens was much preferable to one with two lenses. 
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Modem practice, however, does not seem to favour 
this conclusion. High powers, he thinks, " absolutely 
necessary" in the search for parallax among the 
stars. 

He then gives an account of his search for suit- 
able double stars for the purpose of parallax de- 
terminatioD. In this search he depended more on 
his own actual observations than on the results 
found by previous observers, and says, "Nature, 
that great volume, appeared to me to contain the 
best catalogue upon this occasion." Amxing the 
stars he first selected for the purpose were the double 
star " in the breast of the Virgin," " the first star in 
Aries," and some near the great nebula in Orion. 
Curing this survey of the heavens he ooUeoted the 
materials for his catalogues of double stars which 
were published in the same volume of the PhUo- 
Bophical TranaacUona (1782). With rrferenoe to a 
few of these objects which had been previously dis- 
covered by other observers, he makea the rather 
quaint remark, "It is a Uttle hard upon young 
astronomers to be obliged to discover over again^ 
what has already been discovered." 

When the distance between t^e components of a 
double star ie very small, Herachel estimated the 
distance in " measures ot their own apparent 
diameters." This method was used when the dis- 
tance did "not much exceed two diameters of the 
largest." He gives examples of double stars of 
various degrees of difficulty. For telescopes of 
small power, magnifying from 40 to 100 times, he 
recommends the following as testa for the quality 
of the instrument: £ Vram Majoris, y Delphini, y 
' The italioB eie Hersohel'B. 
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Arietia, w Bootis, y 'Virgmifl, i OasBiopeiee, and ft 
Gygni He then gives a mathematical investigation 
of the method of finding the parallax from observa- 
tdona of double stars, bnt this is too technical to 
reproduce here. 

In the PhOoaophdoaZ Tranaadiona for 1788, there 
ia> paper by Herschel, " On the Proper MoMon of the 
Sun and Solar System ; with an Account of several 
Changes that hare happened among the Fixed Stars 
since the time of Mr. Flamstead." ' He refers to the 
proper motion of the stars Arctnrus, Sirios, Alde- 
baran, Procyon, Gastort Bigel, and Altair ; and says 
that on account of the great distance of some stars 
from the earth, we cannot expect that their proper 
motiona would become perceptible for ages, and he 
makes the interesting remark, " This consideration 
alone would lead us strongly to suspect that there 
is not, in etrictness of speaking, one fia>&i star in 
the heavens." Modem observations tend to confirm 
tiie aicouracy of Herachel's prediction. 

He then considers some apparent changes of 
brightness which have occurred in certain stars since 
Flamsteed's time. Among these he mentions 80 and 
81 Herculis, 66 Cancri, 19 Persei, 108 Pisdum, 78 and 
74 Cancri, SHydrse, 26 Cancri, 62 Orionis, 71 Hercules, 
19 and S4 ComfB Beremces, which he seems to think 
had disappeared. But errors of observation by 
Flamsteed may possibly account for Herschel's failure 
to find these stars. 

Among stars which have apparently changed in 
brightness, he mentions a Draconis, ft Ceti, ^ Serpentis, 
1} Cygni, 7] Bootis, i Delphini, p Trianguli, y Aquilte, 

' This is Herachel's spejling of the first Aatronomar BoTol's 
name ; bqt it is aov ^nentU^ spellad Flanuteed. 
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o- Sagittarii, S Caois Majoris, ^ Serpentie, k Serpen- 
tarii, ^ Bquulei, B Delphini, < BoOtie, S Sagittse, a and 
& Uraee Majoris, y and p hyrte, and i Leonis. Of these, 
the only star which has since been proved to be really 
variable is y3 Lyrae. 

Among stars which he thinks have " newly come 
to be Tisible," he mentions several stars between 
the fourth and sixth magnitudes, not seen or over- 
looked by Flamsteed. He thinks, however, that it is 
not easy to prove that a star has recently become 
visible, and he lays " no particular stress on the new 
appearance of the above stars," but recommends 
further observation of these objects. 

Herschel then proceeds to consider the question 
of the son's motion in space. He says, (1) " l^e 
greatest or total systematic parallax " — as he terms 
the apparent change of place in the stars due to the 
sun's motion—" will take place along a line at right 
angles to the direction of the solar motion." This is 
evident. (2) The " systematical parallax " of other 
stars, not in this line, will be the Tn>LTi»miTn parallax 
multiplied by the sine of the angle between the place 
of tiie star and the direction of the solar motion. 
This will also be obvious to any reader who under- 
stands the first principles of trigonometry. (3) " The 
parallax of the stars at different distances will be 
inversely as those distances." That is, the nearer 
the star, the greater its apparent displacement or 
parallax ; and the farther the star is from the earth, 
the smaller its parallax will be. This is also suffi- 
ciently clear. (4) " Every star at rest, to a sjrstem in 
motion, will appear to move in a direction contrary 
to that in which the system is moving." This is i^so 
evident. The apparent motion of distant objects 
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seen from a railway train in motion will show the 
truth of this aesumption. Assuming these principles, 
Herschel selected a ntimlwr of stars, and from their 
" proper motions," or apparent motion on the face 
of the sky, he deduced the direction of the sun's 
motion in epace. He first chose seven stars, namely, 
Sirius, Castor, Procyon, Pollux, Regulus, Arcturus, 
and Altair, and he found that the proper motions of 
these stars indicated a solar motion towards the con- 
stellation Hercules. To test the accuracy of this 
result, he toolc twelve stars, namely, Arctnrus, Sirius, 
P Cygni, Procyon, < Cygni, y Arietis, y Geminorum, 
Aldeharan, j8 Geminorom, y Pisdum, o Aquilae, and 
a GeminoTum. Adding Begulua, and Castor being 
double, made fourteen stars. From the proper 
motions of these he obtained 27 motions in right 
ascension and declination. Assuming a point near 
\ Herculis for the solar " apex " — as Herschel termed 
the x't'ii^ towards which the sun la moving — ^he 
found that this point satisfied 22 of these motions 
and he thought that the five exceptions were due to 
the real motions of the stars themselves. He found 
that the apparent motion of Pollux " agrees wonder- 
fully with observations," but Castor not so well, and 
he thought it probable that " its distance may be 
doable that of Pollux." But modem measures have 
not confirmed this supposition. 

With reference to the annual amount of the solar 
motion, Herschel thought that " tiie diameter of tiie 
earth's orbit, at the distance of Sirius or Arcturus, 
would not nearly subtend an angle of one second ; 
but the apparent motion of Arcturus, if owing to 
the translation of the solar system, amounts to no less 
than " 2'7 seconds a year," and he coodndes " that 
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the solar motion can certainly not be less than that 
which the earth hEia in her annual orbit." Modem 
measures, however, make the motion about eleven or 
twelve mUes a second. From an examination of the 
proper motion of a number of stars observed by- 
Mayer in 1766, compared with Boemer'a observations 
in 1706, Herschel found a confirmation of his previous 
result. He mentions that Mayer had previously (in 
1760) suggested a solar motion as possible, and that 
Lalande had made a similar suggestion in 1776.* 

The first paper in which Herschel definitely 
considers the subject of "the construction of the 
heavens " appeared in the volume of the PhUoaojAical 
TransactMns for the year 1784 (p. 487). He begins 
by stating that the instrument he used in his 
observations was a reflecting telescope of the New- 
tonian form, the mirror having a clear aperture of 
18'7 inches, with a focal length of twenty feet, which 
was in those times a very large telescope indeed. 
He used this instrument in an investigation of what 
he terms " the interior conatrvcHon of the heavens, 
and its various nebviotia and sidereal strata (to 
borrow a term from tiie natural historian)." On 
turning this large telescope on the Milky Way, he 
found that the nebulous light visible to the naked 
eye was wholly resolved into small stars. This his 
earlier telescope failed to do completely, although 
the Galaxy had been partially resolved into stars by 
earlier observers. The portion of the Milky Way 
first examined by Herschel was that near the hand 
and " club " of Orion, that is, near the stars v and ( 
Orionis, and north of the bright star Betelgeuse. 
■ This was also suggeetod by Uichell in 1T67. See ohapter on 
MioheU'a views. 
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He found the email Btars in this region veiy uumeroua 
and of Tarioaa degrees of brightness. To avoid 
being misled by the " dazzling brightness " of snch a 
multitude of stare, he attempted to ascertain t^ir 
real niunber by actually counting those Tisible in 
numerous " fields " of his telescope, and taking an 
average of these various counts. In six fields taken 
at random he connted 110, 00, 70, 00, 70, and 74 stars, 
which gives an average of 79. Selecting " the most 
vacant place " he could find in this regitm, he connted 
68 stare in the field of view. 

Now, allowing fifteen minutes of arc for the 
diameter of the field of view, he concluded that a 
belt or zone of 15° long and 2^ wide "could not well 
contain lees thui fifty thousand stars," bright enough 
to be distinctly counted. In addition to this large 
number, he " suspected at least twice as many more," 
which, for want of light in the telescope, he "could 
only see by faint glittering and interrupted glimpses." 
The larger estimate would give 5000 stars to the 
square degree, and, if the whole heavens were equally 
rich in stars — which, of course, it is not — would give, 
I find, a total of 206 millions of stars. 

With the large telescope Herschel found that 
many of Messier's nebuUe described by him aa 
nebulce containing no stars, " appeared to be nothing 
but stars, or at least to contain stars, and to show 
every other indication of consisting of them entirely." 
Even those described by Messier as clusters of stare 
containing nebulosity were found to be completely 
resolved. Messier's failure to resolve these " nebul» ' 
was, of course, due to want of power in the telescope 
he used. Herschel describes No. 58 oi Messier's 
catalogue as " one of the most beautiful objects 
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I remember to have seen in the heavena. The cluster 
appears under the form of a Bolid ball, consisting of 
small atare, quite compressed into a blaze of light, 
with a great number of loose ones surrounding it, 
and distinctly visible in the general mass." This 
fine cluster lies a little north-west of the star a Gonue 



At this period of his investigations, Herschel 
thought that the nebulsa and clusters of stars might 
" surround the whole apparent sphere of the heavens, 
not unlike the Milky „Way, which undoubtedly is 
nothing but a Btratum of fixed stars," He found 
one of the nebulous regions, or " strata," as he calls 
them, so rich in nebules that in a. period of 36 minutes 
he detected 81 nebulse, "all distinctly visible on a 
flue bue sky." He also noticed double and treble 
nebulse, but probably some of these were various 
forms of those now known as spiral nebulce. 

Herschel thought it very probable that our sun is 
placed in the "great stratum" forming the Milky 
Way, " though perhaps not in the very centre of its 
thickness." Recent researches seem to confirm this 
opinion, namely, that the sun is nearly, bat not 
exactly, in the centre of the Galactic plane. Start- 
ing from this assumption, Herschel then proceeds to 
explain his famous theory of the Milky Way com- 
monly known as the " disc theory." This theory, 
usually ascribed to Sir William Herschel, was 
originally advanced in 1750 by Thomas Wright, 
of Durham, that is, 34 years before the publication 
of Herschel's paper in the Philosophical Trana- 
actions. The theory is usually spoken of as the 
"disc" theory, but in Herschel's original drawing 
the sidereal system is represented as a rectangular 
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slab of considerable length and width in proportion 
to its tMckness. This seems to have been his first 
conception, but it was probably afterwards modified, 
as in a subsequent drawing he represents the Milky 
"Way in the form of a section of an irregular circular 
disc He supposed that the edge of this hypothetical 
layer was split at one end, in order to account for 
the division, or apparent division, in the Milky Way 
between Cygnua and Scorpio. He then considers 
the hyiwthesis of a ring shape for the Galaxy, but 
thinks that it would be " not a little extraordinary 
that the sun, being a fixed star like thoa© which 
compose this imagined ring, should just be in the 
centre of such a multitude of celestial bodies, with- 
out any apparent reason for this singular distinction ; 
whereas, on our supposition, every star in tliis 
stratum, not very near the termination of its length 
or height, will be ao placed as also to have its own 
Galaxy, with only sudi variations in the form and 
lustre of it as may arise from the particular situation 
of each star," 

He then proceeds to consider Hie question, how 
we are to determine the sun's plane in this supposed 
stratum of stars, and describes his method of 
" Gaging the Heavens, or (iie Star Oage." This 
method consisted in counting the number of stars 
visible in the field of his telescope, taking the mean 
of ten fields " very near each other." He says these 
" gages," of course, vary with the size of the telescope 
nsed in the inquiry, and on this point he quotes a 
remark of the famous French astronomer, De la 
Londe, of which the following is a translation : — 

" We see with telescopes stars in all parts of the 
sky, a little closer in the Milky Way or the nebolee. 
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We cannot doubt that a part of the light and 
whiteness of the Milky Way proceeds from the 
light of small stars, which ore foond there by 
millions ; however, with the largest telescopes we 
do not sufBciently distingulBh them, and they are 
not sufBeiently near enough to attribute to this the 
whitens of the Milky Way, so evident to the 
naked eye. We cannot then affirm that the stars 
are the sole caose of the whiteness, although we 
know no other satisfactory way of explcdning it." 



Possibly the nebulosity visible in the Milky Way 
in modem photographs may help to explain this 
" whiteness." 

Herschel then explains how the sun's position in 
the supposed stratum of stars may be ascertained by 
the number of stars in each " gage," which should 
indicate the length of the " ray," or thickness of the 
stratum, in the given direction. He finds that the 
direction of the solar motion In space is nearly in 
the direction of one of the " nodes " of the Milky 
Way. By the term " node " he means the *' union of 
two strata," like those in Cepheus and Cassiopeia, 
and in Scorpio and Sagittarins. He here refers to 
his observations of the nebulie, and remarks that 
"the spaces preceding them were ^nerally quite 
deprived of their stars, so as often to afford many 
fields without a single star in it ; that the nebulse 
generally appeared some time after among stars of a 
certain considerable aize, and but seldom among small 
stars ; that when I came to one nebula, I generally 
found several more in the neighbourhood ; that after- 
wards a considerable time passed before I came to 
another parcel ; and these events being thus r^jeated 
in different altitudes of my instrument, and some of 
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them at a considerable distance from ea«h other, it 
occnrred to me that ihe intermediate spaces between 
the sweeps might also contain nebulee ; and flndii^ 
this to hold good more than once, I ventured to give 
aotice to my assistant at the clock to prepare, since 
I expected in a few mtntites to come at a stratum of 
the nebolfe, finding myself already (as I then flgura- 
tively expressed it) on nebulous ground. In this 
I succeeded immediately," ' This is an interesting 
observation, and is confirmed by modem observa- 
tions. 

With reference to the direction of some of the 
"capital strata," as he calls them, "or their 
branches," he mentions the well-known nebula of 
Cancer, which runs from t Oancri ' towards the south 
over the 67 nebula of the CoriTuneaanoe dea Temps 
pursier 67]. He thought that it probably belonged 
to " a certain stratum in which I suppose it to be so 
placed as to be nearest to us." He describes it as " a 
very foeaut^lful and pretty much compressed cluster 
of stars, easily to be seen by any good telescope, and 
in irhich I have observed above 200 stars at once 
in the field of view of my great reflector with a 
power of 157." This description seems to refer to 
Messier 67. 

Another stratum which he thought is probably 
" nearer to the solar system than any of the rest," is 
that containing Coma Berenices, this open cluster 
perhaps forming one of the clusters in the stratum 
which he tfaouf^t " runs on a very considerable 
way," perhaps even round the heavens, "through 

' These ace Heraohera wor^. Thej ace often qooted inoorreotl; 
In books on Mtconomy. 

* TUm U Meaaiec 44, the u>-oaUed Fcauepe. 
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the Great Bear onwards to Cassiopeia ; tiien through 
the girdle of Andromeda and the Northern Fish, 
proceeding towards Cetua ; while towards the south 
it i>asses through the Virgin, probably on to the tail 
of Hydra and the head of Centaurus." He thought 
this stratum lies nearly at right angles " to the great 
sidereal stratum in which the sun is placed." 

Having " gaged " the Milky Way in various 
directions, he found that the number of stars com- 
posing it "constantly increase and decrease in 
proportion to its apparent brightness to the naked 
eye," This important observation shows that the 
varying brightness of the Milky Way is really due 
to its varying richness in stars, and not to varying 
distance from the earth as some writers have in- 
correctly supposed. Modem photographs confirm 
Herschel's conclusion. 

Supposing that the stars are of various sizes and 
almost equally distributed in space, he found the 
following results with reference to the nebulae. 

1. When a star is considerably larger than its 
ne^hbours, it will attract them round it, aud thus 
form a cluster of almost a globular form. This idea 
was evidently suggested by the appearance of the 
globular clusters, but modem researches seem to 
suggest that the globular clusters were more pro- 
bably formed by the condensation of nebulons 
matter. 

2. In the case where a number of stars, although 
not much larger than the others, happen to be 
nearer each other, are drawn together by the force 
of attraction, thus forming an irregular cluster. 
Here, again, it now seems more probable tliat 
irregular dusters were originally formed by the 
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condensation of gaseous masses. The Pleiades, with 
their surrounding nebulosity, is an example. 

8. A combination of the preceding causes may 
produce another form of cluster, in which large and 
small stars " are situated in long extended, regular, 
or crooked rows, hooks, or branidies." 

4. More extensive o<nnbinations may produce 
clusters not very far separated from each other. 
This hypothesis would account for the observed 
occurrence of clusters in the same region of the 



5. As the result of these supposed clusterings of 
stars, " cavities or vacancies " would be formed. 
This would explain the occurrence of dark spaces or 
" holes " which are found in various parts of the 
Milky Way and elsewhere. 

Herschel then considers how the stars in clusters 
are "preserved from rushing on their centres of 
attraction." He suggests "projectile forces," meaning, 
of course, motions of Hie component stars round their 
commoQ centre of gravity. He says " these clusters 
may be the Laboratories of the universe, if I may so 
express myself, wherein the vast salutary remedies 
for the decay of the whcde are prepared." 

He then proceeds to consider the optical appear- 
ance of the heavens as viewed from our standpcant 
on the earth, and considers that "the stars of the 
first magnitude, as being in all probability the nearest, 
will furnish us with a step to begin our scale." This 
was a very natural supposition, but modem measures 
of distance do not support the view tliat the brightest 
stars are, as a rule, the nearest. They suggest rather 
that the difference in relative brightness among the 
stars is due more to difference in absolute size, and 
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also to difference is lumiuoaity of their surEctce. 
Following, however, Herschel's hypothesis, he sup- 
poses that, taking the distance of Sirius or ArctoroB 
as unity, stars of the seccmd magnitude are at donble 
the distance, those of the t^iird at treble, and so on. 
He assumes that a star of the seventh magnitude is 
seven times as far as one of the first.' On this 
supposition an eye placed at the centre of a globular 
cluster would not see the whole of it, as the distance 
of the outer stars of the cluster would probably 
exceed six. times the distance of Sirins from i^e 
earth. Ontside clusters might possibly be seen as 
small faint nebuhe. He then proceeds to show that 
his views are consistent with his " gages." He gives 
a table of these gages taken in various parts oi the 
heavens. This list proceeds regularly in right 
ascension all round the sky, but varies in declina- 
tion. The number of stars observed in these " gages " 
varies enormously, the averi^res for ten fields ranging 
from 2-2 to 8'4 stars near the pole of the Milky Way 
up to 384 near /3 Cy^, and 588 in Sagitta, The 
high results were, of course, in the Milky Way. 

To determine the length of the visual ray in the 
method of star-gazing on the hypothesis of stars 
"equally scattered," Herschel imagined a cone cut 
into frustra by equidistant planes perpendicular to 
its axis. Then if we suppose one star placed at the 
vertex of the cone and another on the axis at the 
first intersection, *' six other stars may be set around 
it so OS to be equally distant from one another and 
from the central star." The sums of the numbers of 

' HerBohel'a values of distauceg do not agree with modem 
meaaoreg. With a light ratio of S'S12,b star ot the seventh magnitude 
would be nearlj aixteen times the distance of one ot the flnt. 
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stars in the several sections wiU then be, 1, 7, 19, 87, 
61, 91, etc. The sum of any number n of this series 
will be n'. From this he finds that the length of 
the vIbubJ ray may be represented by n— 1. 

According to Herschel's first view of the con- 
struction of the visible universe, "we inhabit a 
planet of a star belonging to a compound nebula of 
the third form." This is the heading of a section of 
his paper in the PhUoaophdcai Trajiaaotiona for 1785 
(p. 244). He says " the stupendous sidereal system 
we inhabit, this extensive stratum and its secondary 
branches, consisting of many millions of stars, is, in 
all probabUity, a detached nebula" He then pro- 
ceeds to find iJhB length of his " sounding line." The 
" gages " showed' a maximum of 588 stars in the 
"most crowded" parts of the Milky Way. This 
richness continued, he says, for " many minutes," so 
that in a quarter of an hour's time there passed no 
less than 110,000 stars through the field of view of 
his telescope. From this he finds that the length of 
the sounding line was not less than 497 times the 
distance of Slrius from the earth. As modem 
measures make the distance of Strius about 8-8 
years' journey for light, this result would give for 
his farthest stars about 4374 "light years," a high 
but perhaps not improbable value. 

To assume an equal distribution of stars in space 
is, he admits, inaccurate, as most probably no such 
arrangement exists in reality; but taking all the 
stars aa a whole, " there will be a mean distance 
which may be assumed as the general one." No 
unusual collections or clusters of stars were included 
in the " gages," and he found that the difference 
between a crowded region and a cluster could be 
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easily perceived by the arrangement of the stars. 
In a cluster they are gener^y nearly of the same 
size, with a certain uniformity of distance between 
them, and they are also condensed towards a centre. 
On the other hand, in the rich regions of the Mil^ 
Way we find a mixture of stars of all degrees 6f 
bi^htness, and scattered without any special order. 
Where the " gages " run below 5, Herschel thought 
that the stratum cannot exceed 100 times the 
distance of Sirius, and he says " Ihe same telescope 
which could show^ 588 stars in a field of view of 15 
minutes must certainly have presented me also with 
the stars in these situations as well as the former, 
had they been there." This is an interesting and 
valuable remark of Herschel's, and shows that he 
fully realized the fact that the number of existing 
stars is really small in the directionB where ^e 
gages showed a small number. This fact shows 
" jthat there must be at least a vacancy amounting 
to the length of a visual ray not short of 400 times 
the distance of Sirius ; and this is amply sufficient 
to make our nebula a detached one," and he adds, 
" it Is true that it would not be consistent ccm- 
fldently to afOrm that we are on an island unless we 
had actually found ourselves everywhere bounded 
by the ocean, and therefore I shall go no further 
than the gages will authorize." Photographs now 
show strong evidence ttiat our sidereal universe is 
practically " an island " in space. Herschel thought 
that a larger telescope than the one he used in these 
researches would probably reveal a much larger 
number of stars. Thus " a telescope with a tiiree- 
fold power," he thought, would show over 16,000 stars 
instead of the S88 counted by him. Although 
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modem photographs taken with telescopes larger 
than Herschel's show an enormous number of stars 
in the Milky Way, still Herschel's expectations have 
not been realized. Even photographs in rich regions 
of iUxe Galaxy show nothing like 16,000 stars in a 
cdrcle of fifteen minutes of arc in diameter, and 
many of the stars visible on these photographs are 
not Tisible to the eye with the telescope with which 
they were photographed. 

With reference to the probable extent of the 
Hilky Way, Herschel says that his telescope had 
"the power of showing the united lustre of the 
accumulated stars that compose a milky nebulosity 
at a distance far exceeding the former limits ; so 
that from these considerations it appears again 
highly probable that my present telescope, not 
showing such a nebulosity tn the Milky Way, goes 
idready far beyond its extent : and consequently, 
much more would an instrument such as I have 
mentioned, remove all doubt on t^e subject, both by 
showing the stars in the continuatloQ of the stratum, 
and by exposing a very strong milky nebulosity 
beyond them, that could no longer be mistaken for 
the dark ground of the heavens." 

He then gives a table showing the length of the 
supposed " visual ray," corresponding to the number 
of stars visible in the field of view. Thus for 1 
star, the length of the ray woold be 58 times the 
distance of Sirius ; for 10 stars, 127 ; for 20, 160 ; for 
80, 184 ; for 40, 202 ; for 50, 218 ; for 100, 275 ; for 
200, 847 ; for 800, 530 ; for 500, 471 ; for 1000, 593 ; 
and for 100,000 stars, 2758. Taking the visual ray 
corresponding to the different " gages " obtained 
by observation, and plotting these according to 
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right ascensions and north polar distance, he 
formed a section of our sidereal system (according 
to his disc theory) of which he gives a drawing.* 
He assumes the north pole of the Milky Way to 
lie in HA 186°, and north polar distance 58" 
(Decl. + S2°). This is a little north of the position 
now usually adopted for the northern Galactic 
pole. From Hie figure thus obtained he ooncludes 
that " our nebula, as we observed before, is of the 
third form — that is, a very extensive branching com- 
pound congeries of many miUiona of stars ; which 
most probably owes its origin to many remarkably 
large as well as pretty closely scattered small stars, 
that may have drawn together the rest." 

With reference to the origin of the " nebulous 
strata" — as he calls them — he says, " the nebula we 
inhabit might be said to be one that has fewer 
marks of profound antiquity upon it than the 
rest." This idea was based on" the hypothesis that 
the " strata " were formed by a gradual approach of 
the stars, and as our stratum is apparently not so 
condensed as the clusters are, it is probably younger ; 
but such a conclusion is hardly tenable now, as 
there is reason to believe that our aideteal system 
includes within its boundaries all known stars, 
dusters, and nebulse, 

Herschel "surmised" that a nebulous stratimi, 
consisting chiefly of nebulae of the first and second 
form, probably owes its origin to the decay of a great 
nebula of the third form. In the same way he con- 
sidered it possible that our sidereal system might, 
in the lapse of t^res, become divided up into a 
stratum of two or three hundred nebulae, and 1)9 
' Fhil. Tram, for ITSS, facing p. 366, 
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thought that he could detect the beffinnin? of the 
gathering of these clusters, such as the nebolouB 
stratum in Coma Bereniees and elsewhere. 

According to HerscheVs views of the constmction 
of the heavens, some portions seem to have suffered 
more from the " ravages of time " tlian others. To 
illustrate this idea he refers to a spot " in the body 
of the Scorpion," where he found " an opening or 
" hole," probably due to this cause. This hole lies a 
little north of the star 19 Scorpii. Approaching the 
Milky Way the gages ran up ihom 0*7 to 17 1 stars, 
"when all of a sudden they fell down to nothing, 
a very few pretty large stars excepted, which made 
these show 0'5, 0*7, 1*1, 1*4, 1*8; ^ter 'which they 
agun rose to 4'7, 13*5, 20*3, and soon after to 41'1." 
This "hole" is about 4° broad. Herschel remarks 
that the rich globular cluster Messier 80 lies just on 
the western border of this hole, and he suggests that 
the stars composii^ the cluster might have been 
"collected from that place," thus leaving a vacancy. 
He found the same result in the case of Messier 4, 
which is also on the western border of another 
"hole," with a smaller cluster north-east of it. 
Messier 4 lies closely west of the bright star 
Antares (a Scorpii), and not far from the "hole" 
near Messier 80, referred to above. 

Herschel then gives observations of what he calls 
"compound nebulse or milky ways." He thought 
that sonLe of these "cannot well be less, but are 
probably much larger than our own system." But 
this hypothesis is not now considered tenable by 
astronomers. Herschel's views are, however, very 
inter^ting, as all his speculations were. His reasons 
for thinking some of the nebuke to be external 
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galaxies were as follows. Some of the " round 
nebulse" consist of stars which, although very 
small, he could see distinctly with his telescope, 
and he estimated these to lie at a distance of 
600 times the distance of Sirins. This estimate 
was baaed on the supposition that the component 
stars of these clusters are closer together than the 
other stars in our system. On the supposition of an 
equal distribution of stars, he finds that the distance 
would be 6000 of the same unite. Other smaller 
nebulae in the neighbourhood of these he estimated 
to lie much farther from the eartii, and he concluded 
in the case of a nebula "whose light is perfectly 
milky," that it "cannot be well supposed to be at 
less than six or eight thousand times the distance of 
Sirins." Among these supposed external galaxies he 
mentions " a milty ray " of more than a degree in 
length, which lies near the star Flamsteed 52 Cygni. 
A second " faint milty ray," about 15 minutes long by 
S or 10 minutes broad, is found a little south-east of the 
star c Cygni. A third is " a branching nebulosity about 
a degree and a half long by 48 minutes -wide," a Uttle 
north-west of £ Cygni. A fourth is another " foint, 
extended milky ray of about 17 minutes in length and 
12 minutes in breadth," with another small nebula near 
it. This object is a little north-west of a Triangnh. A 
fifth is " a streak of light about 27 minutes long, and 
in the brightest part 8 or 4 minutes broad." It lies a 
little south of ^ Ceti. A sixth is " an extensive milky 
nebulosity" divided into two parts. Near this is 
" a cluster," which Herschel thought identical with 
Messier 8; but Messier 8 is shown by t^e spectro- 
scope to be gaseous according to Secchi. A seventh 
is Messier 17, now known as the "Omega nebula.' 
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Herachel describes it as "a wonderful extensive 
nebulosity of ttie miHiy kind." Sir William Huggina 
finds a gaseous apectnun, so the idea of an external 
universe must in this ease at least be abandoned. To 
this list Hersohel adds the great nebula in Orion and 
the great nebula in Andromeda. The Orion nebula 
is now known to consist of glowing gas, and it is 
certainly not an external galaxy. Herschel thought 
that the great nebula in Andromeda " is undoubtedly 
the nearest of all the great nebulse." He found that 
" the brightest part of it approaches to the resolvable 
nebulosity, and begins to show a faint red colour ; 
which, from many observations on the colour and 
magnitude of nebulse, I believe to be an indication 
that its distance in this coloured part does not 
exceed 2000 times the distance of SiriuB." This 
estimate does not, however, denote a comparatively 
near object. It would represent a jonmey for light 
of over 17,000 years. He refers to the nebula near 
it discovered by his sister, Miss Caroline Herschel, 
and says "it is not Messier 32, which lies about two- 
thirds of a degree north, preceding it in a line parallel 
to ^ and V Andromedte." All modem telescopes have 
failed to resolve the great nebula into stars, but the 
spectroscope shows a continuous spectrum with sonie 
dark lines, wliich indicates that it is not gaseous. 
It is probably partially condensed from the gaseous 
state, and it may consist of small bodies too snLall 
to be visible in our largest telescopes. Photographs 
show it to be spiral. In all probability it belongs 
to our sidereal system, and is not an external 
galaxy. 

Herschel refers to Messier 57, the so-called ring 
nebula in Lyra, and he seemed to think that it was 
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resolTable into stars, bat Huggins finds a gaseous 
spectrum.* 

He then refers to the so-called " planetary nebulte," 
which he thought were possibly external galaxies. 
One of these lies a little west of the star v Aquarii. 
He found its diameter to be 10 or 15 seconds ; bat 
Secchi made it 25 seconds by 17 seconds. Herachel 
found its light of a uniform br^^htness, and " probably 
of a starry nature," but Huggins finds it to be a mass 
of glowing gas. This is one of the finest objects of 
its class. Another planetary nebola observed by 
Herschel lies a Uttle south-west of Flamsteed 13 Andr»< 
medcB, and he describes it as " a well-defined planetary 
disc of about 12 seconds diameter, a little elliptical. 
A third object of this class lies a little north, follow- 
ing 44 Ophiuchi ; "round, tolerably well defined and 
pretty bright ; its diameter about 80 seconds." A 
fourth is a little north, following -ij Sagittas ; " per- 
fectly round ; pretty bright, and pretty well defined ; 
about ^ minute in diameter." A fifth lies a little 
north, following 21 Vulpeculro ; " exactly round ; of 
an equal light throughout, but pretty faint, and about 
1 minute in diameter." A sixth is south preceding 
88 Cygni ; " perfectly round, and of an equal light, 
but pretty faint ; its diameter is near 1 minute ; and 
the edges are pretty well defined." Considering the 
telescopic appearance of these planetary nebnlee, 
Herschel thought that they could hardly be true 
nebuliB, owing to their uniform and vivid light, and 
their discs, so small and well defined. On the other 
hand, he thought they could not be " of a planetary 
nature." It would also be difficult, he thought, to 

> For farther details of tMa nebula, aee obapter on the ring 
nebnlK in Lyra in tay " Studies in Astronom}'." 
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consider them as " single stars with loi^e diameter," 
as we could not then account for their comparative 
faintness. He also rejects the idea that they might 
be comets near their aphelion, as their ^ze and 
brightness is against such an hypothesis. From 
these considerations ho is forced to conclnde that 
they must be nebulse, with the stars "compressed 
and accumulated in the highest degree" ; but as the 
spectroscope shows them to be gaseous, Herschel's 
hypothesis is now untenable. Herschel seems to have 
been much impressed with the appearance of these 
planetary nebulte. He says, " If it were not perhaps 
too hazardous to pursue a former surmise of a renewal 
in what I flgoratively called the laboratories of 
the universe, the stars forming these extraordinary 
nebolie, by sonie decay or waste of nature, being no 
longer fit for t&eir former purposes, and having their 
projectile forces, if any such they had, retarded in 
each other's atmospheres, may rush at last together, 
and either in succession, or by one genend tremendous 
shock, unite into a new body. Perhaps the extra- 
ordinary and sudden blaze of a new star in Cas- 
siopeia's chair of 1572 might possibly be of such a 
nature." This is an interesting speculation of Sir 
William Herschel's, and a remarkable forecast of the 
probable cause of temporary or new stars, most of 
those which have appeared in modem years having 
changed into planetary nebulee. 

In th» introduction to " A Catalogue of a Second 
Thousand of New Nebulse and Clusters of Stars " 
(I9ia. Trans. 1788) Hersohel speaks of the nebul» 
" as being no less tilian whole sidereal systems ; " but 
such an hypothesis is no longer tenable. He says 
that " bodies shining only with borrowed light can 
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never be Been at any great distance," and that con- 
eeqnently " every star must likewise be a sun shining 
by its own native brightness." This is an example 
of the sonnduess of Herschel's views in matters of 
fact like this. Some astronomers have since his time 
suggested that the faint companions to bright stare, 
tike the satellite of Sirius, might shine by reflected 
light from the brighter star, bnt I have shown else- 
where that tJiis is utterly impossible.' Herschel 
thought that all stars had probably " a system of 
planets, satelUtes, and comets " revolving round 
them ; and this hypothesis seems a rational one, at 
least in the case of single stars. Binary stars and 
spectroscopic doubles may possibly form an excepiicHi. 
With reference to clusters of stars, Herschel shows 
the great probability there is of the component stars 
being contained in a comparatively limited space. 
He quotes Michell's conclusion that the odds are 
500,000 to 1 against the six brightest stars of the 
Pleiades being apparently so close together by merely 
a chance coincidence, and he argues that the fact of 
the stars being crowded together in a globular cluster 
shows that they are " nearly of an equal magnitude," 
with, however, a certain smaU variety in size, "in 
some such proportion bb one full-grown pUmt of a 
certfun species may exceed another full-grown plant 
of the same spetnes." He also shows that those 
which are apparently globular in form are really so, 
the odds against any other form being enormous. 
These views are undoubtedly sound. He then proves 
that the globular clusters are in reality more con- 
densed towards the centre, as they seem to be. For 
if the component stars were equally scattered through 
' See my " Stodlea in AHtronomy," pp. 118-116. 
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the sphere, it would not have a bright nucleus in the 
centre. He concludes that this spherical figure has 
been "formed hy the action of central powers," 
The figure of the earth and planets he considers as 
examples of this " central power," or central force, as 
it is now termed ; and that the form of, the globular 
clusters cannot be due to " any random scattering of 
stara" The condensation towards the centre proves 
the action of this " central power " — probably " the 
known central force of gravity." Even in those 
clusters which are not exactly globular in form, he 
thought we have evidence of "a tendence towards 
spheiicnty by the swell of the dimensions the nearer 
we draw towards the most luminous place, denoting 
as it were a course, or tide of stars setting towards 
a centre." As Tennyson says (in "The Princess") — 

" This world was oacs a fluid haze of light 
Till towards the oentre set the starry tides, 
And eddied into bods, that, wheeling, cast 
The planets." 

In all the nebuhe and clusters observed by 
Herschel ~ about 2300 in number — he found this 
tendency to condensation and increased br^htness 
near the centre, which, he thought, fuUy estabUshed 
the truth of the hypothesis. There is, however, 
considerable variety in this appearance of condensa- 
tion in the middle. This, he thought, might be due 
partly to the difficulty of seeing distinctly those 
which lie at great distances from the earth. He 
thought that the action of this central force " must 
produce effects proportional to the time of its action," 
and that consequently the globular clusters are 
probably older than those of an irregular form. 
We might thus judge of the relative ages of clusters 
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and aebulEB, On this hypothesis he thought we 
might conclude that a cluster or nebuhe " which is 
very gradually more compressed or bright towards 
the middle may bo in the perfection of its growth," 
while the planetary nebulee "may be looked upon as 
very a^ed." But this view does not now seem so 
probable as it did to Herschel. A planetary nebulse 
formed by a temporary star, far from being aged, is 
comparatively a thing of yesterday. At the end of 
this paper Herschel makes his famous remark about 
the nebulfe and clusters, " For, to continue the simile 
I have borrowed from the vegetable kingdom, is it 
not almost the same thing, whether we live suc- 
cessively to witness the germination, blooming, 
foliage, fecundity, fading, withering, and corruption 
of a plant, or whether a vast number of specimens, 
selected from every stage through which the plant 
passes in the course of its existence, be brought at 
once to our view?" This is doubtless true, but to 
decide the question as to which are the oldest and 
which the youngest nebulse seems to require more 
evidence than we possess at present. 

In the Philosophical Transactions for 1781 there 
is a paper by Herschel on " Nebulous Stars, properly 
so called." This is a very interesting paper, as it 
contains the first evidence of Herschel's change of 
opinion with reference to the nebula. His first 
observation of " nebulous stars " was that (rf " a 
star of ahout the eighth magnitiide aurrouTided ^nth 
a faintly lumijums atTnoaphere of a considerable 
eoAeni" (The italics are Herschel's.) This greatJy 
surprised him, and seems to have led to his change 
of views with reference to the real nature of those 
nebulse which could not be resolved into stars with 
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his large telescope. He says, " A glance like that of 
the naturalist, who casts his eye from the perfect 
animal to the perfect vegetable, is wanting to remove 
the veil from the mind of the astronomer. The 
object I have mentioned above, is the pheenomenon 
that was wanting for this purpose. View, for 
instance, the 19th cluster of my 6th class, and 
afterwards cast your eye on this cloudy star, and 
the result will be no less decisive than that of the 
naturalist we have alluded to. Our judgment, I 
may venture to say, will be, that the Jiebulosity dboitt 
the star is not of a gtarry nature." (The italics are 
Herschel's.) Here is the first anticipation we have 
of the revelations of the spectroscope, which shows 
that many of the nebula consist of nothing but 
glowing gas. He then refers to " a telescopic milky 
way " in Orion, apparently connected with the great 
nebula in the " sword," This is probably identical 
with the vast nebtila recently disclosed by photo- 
graphy in that region. Herschel thought that the 
four stars known as " the trape^um " (Herschel uses 
this term), and others, are "intirely unconnected 
with the nebulosity which involves them in appear- 
ance ; " bat it now appears much more probable that 
the stars of the trapezium are really connected with 
the nebulous matter surrounding them. 

Herschel speaks of this nebulosity as " luminous 
matter in a state of modification very different from 
the construction of a sun or star." He had evidently 
in his " mind's eye " the probable existence of gaseons 
masses in space, but says " about things that appear 
now we ought not to form opinions too bast^y." 
He then gives descriptions of a number of remarkable 
nebulous stars observed by him. Among these may 
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be meationed the following: "November 18, 1790. 
A moat singular phenomenon. A star of about the 
8th magnitude, with a faint luminous atmosphere, of 
a circular form, and about 3 minutes in diameter. The 
star is perfectly in the centre, and the atmosphere is 
so delicate, faint, and equal throughout, that there 
can be no surmise of its consisting of stars, nor can 
there be a doubt of the evident connection between 
the atmosphere and the star. Another star, not 
much less in brightness and in the same field with 
the above, was perfectly free from any such appear- 
ance," and he adds, "This last object is so decisive 
in every particular, that we need not hesitate to 
admit it as a pattern." This curious object lies 
about 2° north of ^ Tauri, and nearly in a line with 
o and £ Persei (north of the Pleiades). Herschel 
argues that if this nebulosity consisted of stars, the 
central i>oint must be of enormous size. On the 
other hand, if the central star be of an ordinary 
size, the stars composing the nebulosity must be 
excessively small and compressed. He therefore con- 
eludes that we " either have a central body which is 
not a star, or have a star which is involved In a 
shining fluid, of a nature totally unknown to us.'* 
This happy idea has long since been fully confirmed 
by the spectroscope. Nebulous stars are certainly 
ordinary stars surrounded by glowing gaseous 
envelopes, and probably in an early stage of their 
life history. Herschel says, "But what a field of 
novelty is here opened to our conceptions 1 A shining 
fluid ot a brightness sufficient to reach from the re- 
mote regions of a star of the 8th, 8th, 1 0th, 11th, and 
12th magnitude, and of an extent so considerable as 
to take up 8, 4, 5, or 6 minutes in diameter. Can we 
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compare it to the coruscations of the electrical fltiid 
in the aorora borealia ? Or to the more magnificent 
cone of the zodiacal light as we see it in the spring 
and autunmP The latter, notwithstanding I have 
observed it to reach at least 90° from the sun, is yet 
of so little extent and brightness as probably not to 
be perceived even by the inhabitants of Saturn or 
the Georgian planet,' and must be utterly invisible 
at the remoteness of the neEtrest fixed star." Herschel 
thought that this nebulosity might possibly exist 
withoat any apparent connection with stars, and he 
again refers to the nebulous region in Orion, which 
he speaks of as " a luminous matter accounting much 
better for it than clustering stare at a distance." 
That this opinion was sound is shown by the fact 
that the great nebula in Orion has resisted all the 
efforts of the largest telescopes to r^olve it into 
stars, and the spectroscope shows that it is nothing 
but glowing gas. With reference to the distance of 
the nebulosity in Orion, Herschel thought it probable 
that it lay between the distance of stars of the 7th 
magnitude, and extends perhaps to those of the 9th, 
lOth, and 11th magnitude. But even now, after 
more than a hundred years' further observations, we 
know Uttle or nothing about the distance of gaseous 
nebulce. Judging, however, from photographs of the 
Milky Way, it seems probable that some of these 
nebulosities are not farther from the earth than 
some of the stars visible to the naked eye. 

Herschel mentions a number of other nebulous 

areas — one preceding f Cygni, covering about four 

square degrees ; one near 125 Tauti ; another 

preceding a Trianguli ; one preceding 45 Eridani ; 

' Now oalled Uranaa. 
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auid one, in parts pretty bright, following 57 
Cygni. 

Herschel thought that a consideration of these 
nebulous stars and diffused nebulosities helps to 
explain the real nature of " planetary " nebulte, 
which, he suggests, consists of " a much condensed 
luminous fluid." He considered the origin of thia 
luminous matter as doubtful, but says, " I^et it 
suffice that its existence is rendered evident by 
means of nebulous stars." This interesting paper 
shows clearly that Herschel's views of the nature 
of irresolvable nebuUe had completely changed in 
the year 1791. 

In a paper on " The Nature and Construction of 
the Sun and Fixed Stars " in the PhUoaophicaZ 
TranaaetionB for 1795, Herschei says, "That stars 
are sons can hardly admit of a doubt. Their immense 
distance w^ould perfectly exclude them from our 
view, if the light they send us was not of the solar 
tdnd." The same opinion was expressed by Thomas 
Wright, of Durham, in 1750, and it was evidently 
known to Shakspere, who lived over 100 years before 
Wright's time, for he makes Hamlet say in a letter 
to Ophelia — 

" BoDbt thoa the stata are fire ; 
Doubt that the fmu doth move ; 
Doubt tmtii to be a liar ; 
But never doubt I love." 

Herschei thought that the fluctuations of light in 
the variable stars Algol, Lyrie, 8 Cephei, ij Antinoi 
(i; Aquilee), and o Get! are due to rotation on their 
axes ; but this view is not now held by astronomers, 
the variations of light in the stars mentioned — with 
the exception of o Ceti — being probably caused by 
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tiie revolution of dark or bright bodies round them. 
Herscbel thought that all the stars had spots like 
the sun, and thie seems very probable. Some of the 
red stars show a spectrum very similar to that of 
a snn spot. Herschel's opinion that the sun might 
possibly be inhabited is very surprising. He says, 
"We need not hesitate to admit that the son is 
richly stored with inhabitants." But such an hypo- 
thesis would now be considered absurd. The sun is 
more probably gaseous to its centre, and its internal 
heat is probably greater than that of its surface. 
Herschel thought it probable that many of the stars 
form the centre of systems of planets and sateUites, 
like our solar system, but from this hypothesis he 
excluded the compressed clusters of stars, which he 
looked upon as rather " lucid, primary planets, con- 
nected together in one great system of mutual 
soj^wrt." He thought that in such cases the " stars 
are united in such close systems as not to leave 
much room for the orbits of planets or comets ; " and 
this seems a rational and very probable hypothesis. 

In a paper on "The Method of observing the 
Changes that happen to the Fixed Stars ; with some 
Remarks on the Stability of the Li^ht of our Sun. 
To which is added a Catalogue of comparative 
Brightness for ascertaining the Permanency of the 
Lustre of Stars," Hersdiel gives observations of the 
relative brightness of stars visible to the naked 
eye. This catalogue was succeeded by others in 
subsequent volumes of the PhUoaophuxU Tranaac- 
Hona, and these catalogues are useful for com- 
parison with modem estimates and photometric 
measures of star magnitudes. In the introduction 
to the first of these catalogues, Herschel says, " The 
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hypothesis of an equality and an equal distribution 
of stars, to which we have referred, is too far 
from being strictly true to be laid down as an un- 
erring guide in this research. The stare of the 
first and second class, when ecrupulously examined, 
evidently prove that, if we would be accurate, we 
must admit them, in some degree at least, to be 
either of different sizes, or placed at different dis- 
tances. Both varieties undoubtedly take place. This 
consideration alone is fully suf&cient to show that, 
how much truth soever there may be in the hypo- 
thesis of an equal distribution and equality of stare, 
when considered in a general view, it can be of no 
service in a case where great accuracy is required." 
These views are now known to be undoubtedly 
correct. The apparent brightness of the stars is 
no criterion of their distance, and depends as much 
on their absolute size and relative luminosity of 
their surface as on their distance from the earth. 
Herschel's remarks above quoted also show his 
gradual change of views with reference to ihe 
distribution of the stars in space. 

In this paper he gives examples of Flamsteed's 
estimates of star magnitudes, showing that some 
stars which he marked as brighter than others are 
in reality fainter, and conversely. These errors 
were, he thought, due to the fact that Flamsteed 
" did not compare the stars to each other, but 
referred each of them to its own imaginary standard 
of magnitude." This is evidently the correct ex- 
planation of the various estimates we find in some 
catalogues. Although estimates made in this way 
have some value, considerable allowance must be 
made for these discrepancies. Hersohel says, "We 
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can hardly allow less than half a magnitude in 
the higher orders [that is in the brightest stars], 
and a whole one in the inferior classes, for this 
uncertainty," 

Hersdiel's own method was to compare the stars 
directly with others of a similar brightness in their 
Ticinity, and this is tlid method now adopted by 
modem observers of variable stars. The rotation 
CDE would denote that G was brighter than D 
imd D brighter than E. The relative brightness of 
C may be found by BOO, and that of B by ABC. 
We thus obtain a series ABODE, etc., in which A 
is the brightest star, B a little fainter, and so on. 
This is now known as the method of " sequences." 

Hersohel points out tliat the Greek letters — 
given to the brighter stars by Bayer in 1603 — do 
not represent the relative brighbiess of the stars 
in each constellation. Even a, ^, and y are not 
always in the order of brightness. If Bayer had 
atOxed these letters correctly in order of relative 
brightness, he would have done a really useful 
work, and would have gained for himself an im- 
mortaUty to wliich he is not now entitled. 

The method of sequences mentioned above not 
being considered by Herschel sufficiently delicate 
to give the relative brilliancy of the stars with 
sufficient accuracy, he adopted the following method. 
If two stars were estimated to be equal, or nearly 
so, he placed a point between them ; thus — 

80 , 24 Leonis 
SO being placed first as being possibly very slightly 
brighter than 24. When two stars are equal, but 
one of them just perceptibly brighter than the 
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other, their relative brightness is expressed by a 
comma, and the observation ia written thus — 

41 , 94 Leonis 

which means that 41 Leonia is just perceptibly 
brighter than 94 Leonis. A greater difference in 
brightness between two stars is shown by a short 
line ; thus — 

17-70 Leonis, or 68-17-70 Leonis 

Professor Pritchard finds that the sign * repre- 
sented about O'OO of a magnitude ; , about . 0*19 
mag. ; and — about 0-40 mag. 

A much greater difference is expressed by two 
short lines ; thus — 

32 41 Leonis 

A still larger difference in brightness is repre- 
sented by three short lines ; thus — 
16 29 Bootis 

But this difference must be considered too large 
to be of any " use in estimations that are intended 
for the purpose of detecting change." 

With reference to the known variation in the 
light of certaitt stars, Herschel says, "If it be 
allowed to admit the similarity of stars with our 
sun as a point established, how necessary will it 
be to take notice of the fate of our neighbouring 
auns, in order to guess at that of our own 1 That 
star, which among the multitude we have dignified 
by the name sun, to-morrow may slowly begin to 
undergo a gradual decay of brightness, like Leonis, 
a Ceti, a Draconis, S Urste Magoris, and many other 
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diminiahing stars that will be mentioned in my 
catalogues. It may suddenly increase, like the 
wonderful star in the back of Cassiopeia's chair, 
and the no lees remarkable one in the foot of Ser- 
pentariuB ; or gradually come on like p Gemlnorum, 
/3 Ceti, i Sagittarii, and many other increasing 
stars." Herschel suggests tliat the changes in ihe 
earth's clunate — which are clearly indicated by the 
geological records — may possibly have been due to 
changes in the sun. This seems highly probable. 
The Bun, like other stars, is undergoing a slow 
processs of evolution, and far back in geological 
times — say ten millions of years ago — the sun's 
physical condition was almost certainly different 
from its present state. A study of the Carboni- 
ferous, or coal period, shows that the sun was 
probably hotter or of larger volume then than it 
is now; and going still farther back, we should 
reach a stage in which the earth's surface was so 
hot that life would have been impossible on its 
surface. 

Herschel then gives the results of his comparison 
of the relative brightness of the stars in a number of 
constellations, to which is appended a series of notes 
on stars possibly variable, and others. These observa- 
tions w^ere very carefully made, and are still valuable 
for comparison with modem estimates and photo- 
metric measures. Speaking generally, I find that 
they agree well with modem observations. There 
are, of course, some discrepancies, and these give 
rise to a suspicion of variation in certain stars. A 
second catalogue is given in the Philoaophical Trans- 
actions for 1796 (p. 452), a third in the volume for 
X797 (p. 298), and a fourth in that for 17SB (p. 121). 
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In some mtroduototr remarka to the second catalogne 
he gives his observations of the variabie star a 
Herculis. He found a period of "somewliat more 
thaji two months' duration ; " but modem observa- 
tions do not quite confirm this result. The variation 
seems to be irregular. He refers to the probable 
rotation of stars on their axes as a jrassible cause of 
light variation, large portions of the surface being 
supposed to be covered with dark spots — like the 
well known sun-spote. But this hypothesis of rota- 
tion ia not now considered as probable. The varia- 
tions of long period are more probably due to internal 
changes in the body of the star. These changes may 
possibly give rise to large sun-spots, but these spots 
would probably be developed at amaanmum, and not 
a minimum, of light. Some of the red stars show a 
spectrum very similar to that of a sun-spot. The 
variation of short period has been shown by the 
spectroscope to be due to the revolution of two 
bodies round their centre of gravity, which either 
produce eclipses — as in the Algol variables — or give 
rise to periodical disturbances by tidal action. 

In the preface to the third catalogue of " The 
Comparative Brightness of the Stars," he gives an 
account of a careful examination of Flamsteed's 
catalogue and observations, made by his sister. 
Miss Caroline Herschel, and finds the following 
results. 

1. There are 111 stars in Flamsteed's catalogue 
(the British catalogue, at it is called) which were 
never observed by Flamsteed, and he says, " This 
will explain why so many stars in the heavens seem 
to have been lost" 

2, There are 89 stars in Flamsteed's catalogue 
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whose positions are incorrectly given. In some cases 
the error amounts to several degrees. 

3. There are 54 stars in Flamsteed's A tlaa CaeleaUa 
which are erroneously placed ; some to the extent of 



4. There are 42 stars which must be reduced to 
21, owing to some of them haying "two names in 
different constellations." 

5. There are 871 stars which, although observed 
by Fhunsteed and their positions recorded, have 
been overlooked by Flamsteed in forming his 



6. There are 85 more stars of which the positions 
were doubtful, and have been omitted. 

7. There are 88 stars with only the polar distance, 
and 18 with only the right ascension recorded, and 
these have been omitted. 

8. Fifty more stars have been neglected, so that 
" upon the whole between five and six hundred stars 
observed by Plamstbbd have been overlooked when 
the British catalogue was formed." 

" A Fourth Catalogue of the Comparative Bright- 
ness of the Stars" appeared in the Philosophical 
TraTiaaetions for 1779, Two other similar catalogues 
were formed, but were not published by Kerschel. 
These, however, were found among his papers at 
CoUingwood in 1883, by Professor E. C. Hckering, of 
Harvard Observatory (U.S.A.), who has discussed 
and reduced all these catalogues m volumes xiv. 
and xxiii. Fart II. of the harvard Anru^. A com- 
plete catalogae of aU the stars observed by Hersehel 
is given in the latter volume. The comparison 
between Herschel's estimates and the Harvard 
photometric measures is in most cases satisfactory. 
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the average dilFerence for all the stara being only 
± O'ld of a tuagmtude. Pickering aaT^i "The error 
of a single comparison bat little exceeds a tenth of 
a magnltnde," and "the general accorduice of the 
results renders the deviation of individual stars im- 
portant as indicating secular variations." These 
reenlts ehow the valuable resulte which may be 
obtained by careful e8timati<»ifi made with the eye 
without the aseiBtance of any photometer. 

In the PhUoaophioal Transactions for 1800 there 
is a paper by Herschel, " On the Power of penetrat- 
ing into Space by Telescopes : with a Goibparative 
Determination of t^e Extent of that Power in Natural 
Vision, and in Telescopes of Various Sizea and Coa- 
straetion; illustrated by Select Observations." In 
this interesting pi^>er lie discusses "the method of 
vision at a distance." He shows that " light, flame, 
iuid luminous gases are penetrable to the rays of 
light." This he proved by an experiment, in which he 
placed four candles exactly in a line behind a screen, 
and opposite a narrow slit in the screen, | of an inch 
long and \ inch wide. Lighting first one candle, the 
nearest to the screen, then the second, the third, and 
the fourth, he found that all four candles gave con- 
siderably more light than a single candle. From 
this he concludes that the eon's disc cannot be 
uniformly bright " on account of the unequal depth 
of its luminous atmosphere in different places." This 
is now known to be the case, the centre of the sun's 
disc being considerably brighter than the portions 
near the limb. 

He speaks of " the copiousness of the emission of 
light from every physical point of the luminous 
surface " of a body emitting light. This corresponds 
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with what I have elaewbere termed the luminosity of 
the surface— that is, the light emitted by a luminous 
body per unit of area. C^lin^ C " the mean copious- 
ness of light," N the number of points or area of the 
luminous surface, and L the total l^ht emitted, Her- 
sohel says CN - L. This is obvious. But he adds, 
" If, however, there should at any time be occasion 
for distincticm, the brightaiess arising from the great 
value of C may be called the intrinsic brightness; 
and that rising from the great value of N the 
aggregate brightness; but the absolute brightness, 
in all cases, will still be defined by CN." I lay 
particular stress on this point, as s<nne writers have 
created a confusion between the total or " absolute 
brightness " (Herschel's L) and the " intrinsic bright- 
ness " (Herschel's C), or luminosity of surface, as I 
have called it.^ Herschel tiien proceeds to consider 
the poi'tion of the total light " which is used in vision 
either by the eye or by the telescope," and this he 
calls I. In this case "the equation of light in this 
present sense " will be CX = I. And since the 
" density of Ught " dUniniahes as the square of the 

Speaking of the increased sensibility of the eye 
by keeping it for some time in the dark, he says, " I 
remember that, after a considerable sweep with 
the 40-feet instrument, the appearance of Sirios 
announced itself, at a great distance, like the dawn 
of the morning, and came on by degrees increasing 
in brightness, till the brilliant star at last entered the 
> Ona iTTiter haa acousad me ol Luaooamc]' In aalng the term 
" Intrinsic brigMneBS," the very term used by HerBchel hbnseU to 



distance, we have its quantity for a distance D = 



Di^ilizDdbyGoOgle 



164 ASTRONOMICAL ESSAYS 

field of view of the telescope, with all the splendour 
of the rising sun, and forced me to take the eye 
frcmi that beautiful sight." 

Herschel says, "It may be remembered that I 
have distinguished brightness into three different 
sorts. Two of Hieae, which have been discriminated 
by intrinsic and dbaobite brightness, are, in common 
language, left without diatlnction." The brightness 
referred to by mathematicians is the intrinsic bright- 
ness, and " this is the only meaning it can bear in 
the mathematician's theorem," With reference to 
the sun as seen from Saturn, he says, " The sun on 
Saturn appears to be a hundred times less than on 
the earth ; and thsA consequently, though it may 
there be intrinaicaUy as bright, it must here be 
abaoUtte^f an hundred times brighter." Herschel 
also uses the term intensely illuminated for intrinsic 
brightness. The same view, he says, applies to the 
stars, and " their absolute brightness must vary in 
the inverse ratio of the squares of their distuicea." 
The visibilLty of tite stars depends on the " penetra- 
ting power " of telescopes. 

With reference to the power of naked-eye vision, 
he says that " the Georgian planet " (Uranus) is the 
farthest object that has ever been seen by reflected 
light. Assuming that stars of the second magnitude 
(a Cygni, ^ Tauri) are at double the distance of those 
oF ^e first magnitude, if I be the brightness of a 
first-magnitude star, \l will be the brightness of a 
second-magnitnde. He thought that the sun is 
170,000 million times brighter than Sirius. But this 
estimate is much too high. It would make the 
sun's stellar magnitude about — 28'6. Taking its 
value at — 26'5, which cannot be far from the truth, 
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I find that the aun is about 0290 million times 
brighter than Sirius, so t^t Hersohel's estimate was 
over eighteen times too large. A third-magnitade 
star (" pole star, y Cygni, c Bootis ") he assumes to 
foe at three Idmes the distance of a. first-magnitude. 
This would give a ratio of brightness between a 
second and third magnitude star of 9 to 4, or 2^ to 1, 
instead trf 4 to 1, the ratio between a first and 
second magnitude. Between a sixth and seventh 
magnitude star he finds a ratio of only a " little 
more than 1^ to 1." But in modern photometry the 
ratio between all successive magnitudes is supposed 
' to be the same, and is now generally assumed to be 
2*512. Herschel's estimates of relative distance were 
mere assumptions, and we now know have no foun- 
dation in fact. Sirius is at about double the distance 
of a Ceutauri, although Sirius is a, much brighter 
star. 

From the faintness of stare of t&e seventh mag- 
nitude, Herschel concludes that " no star eight, nine, 
or at most ten times the distance of Sirius," c^i 
possibly be perceived by the nabed eye. But this 
would not now be admitted by astronomers. For if 
Sirius were removed to ten times its present distance, 
its light would be reduced 100 times, or Ave magni- 
tudes, and as the photometric magnitude of Sirius 
is —1*6, it would then be reduced to S— 1*6, or 3*4 
magnitude. Taking three magnitudes below this 
as the limit of naked-eye vision, it follows that 
Sirius might be removed to nearly forty times its 
present distance before it became invisible without a 
telescope. Arcturus is probably fifteen times farther 
from the earth than Sirius, and yet it is one of the 
brightest stars in tiie heavens. 
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Herschel refers to the TlBibility of some star 
clusters which are visible to the naked eye, although 
their components are only visible in a good telescope. 
Among these he mentions the doable cluster in 
Perseus, Mossier 35 in Gemini, and Messier 13 be- 
tween ■>} and {; Herculis. He also refers to the great 
nebula in Andromeda (Messier 31). 

Proceeding from " the power of penetrating into 
space by natural vision " to that by telescopes, he 
says the natural proportion would be as A to a, A 
being the aperture of the telescope and a that of the 
pupil of the eye. But an allowance must be made 
for the loss of light by reflection from mirrors and 
the absorption of light in the lenses of refracting 
telescopes. He made some experiments with plain 
mirrors to test this point, and found that out of 
100,000 incident rays — that is, light rays falling on 
the mirror — 67,262 were reflected, and therefore, with 
a double reflection, " only 45,242 would be returned," 
With reference to absorption in the eye-glass of a 
telescope, he found that out of 100,000 incident 
rays, 94,825 were transmitted through a single lens, 
and hence 89,91S through two lenses, and 85,265 
through three lenses. Oompounding this with the 
result found for reflection, he found that for a 
telescope of his construction (the "front view") 
63,786 rays out of 100,000 were, with one reflection, 
received by the eye, and with the Newtonian form 
with a single-eye lens 42,001, and with a double eye- 
glass, only 40,681 rays reached the eye. These 
experiments were made, of course, with metallic 
mirrors. With modem " silver on glass reflectors," 
and improved eye-pieces, much bettor results would 
probably be obtained. 



Di^ilizDdbyGoOgle 



SIB WILLIAM HEBSGHEL'S THEORIES 167 

Herschel th^i proceeds to " find a proper expres- 
sion for the power of penetrating into space, that we 
may be enabled to compare its effects in different 
telescopes with that of the natural eye." The 
penetrating power, he says, must be as the square 
roots of the lights received by the eye. For the 
naked eye this is expressed by V^- In the New- 
tonian form of telescoiw there Is some loss of light 
in the second reflection from the small mirror. If b 
be the diameter of the small mirror, we have for the 
incident light A' — b^, and correcting for the value 
X found above, we have tie general expression — 

Vai(A»&») 

for the same power in telescopes. For refracting 
telescopes — and in reflecting telescopes with only 
one reflection (as in Herachel'a " front. view ") — & = 0. 
Then, putting the natural light, 2 = 1, we have the 
general form — 

'/a^A* - ft') 
a 
" for the penetrating power of all sorts of telescopes, 
compared to that of the natural eye as a standard." 
ta his subsequent investigations, Herschel assumed 
a, the aperture of the pupil, to be two-tenths of an 
inch (that is, one-fifth of an inch), when Hie eye is 
in darkness. He then discusses the powers of his 
own instruments. He tried a 12-inch'reflecting tele- 
stxipe of the Newtonian form on a distant church 
steeple, and found he could read the clock on the 
steeple, although the steeple itself was invisible to 
the naked eye in the dusk of the evening. He shows 
that this is a good example of increase of absolute 
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brightnees, the intrinsic brightness of the clock face 
being actu^y reduced in the ratio of 7 to 3. 

Herschel used some very high powers for the 
observation of double stars. He states that thrae 
powers ranged from 460 to 6652,^ 

He gives some observations of nebuhe showing 
the space penetrating powers of his telescopes. 
With a 10-feet reflector (that is, of 10 feet focal 
length), and a space penetrating power of 28'67, he 
found the cluster Messier 5 (near 5 Serpentis) 
beautifully resolved into stars. A 7-feet telescope, 
with a space penetrating power of about 20, failed 
to resolve it." Other telescopes and clusters gave 
similar results. With the 40-feet telescope used as 
a "front view," he saw the 4th satellite of Saturn 
[Dione] and the ring " without an eye-glass." With 
this telescope he discovered "the 6th satellite of 
Saturn " [Enceladus, now called the 2nd] on August 
28, 1780, and the " 7th satellite" [Mimas, now known 
as the 1st] on September 11 of the same year. The 
20-feet reflector showed both these satellites after 
their discovery, but the 7-feet and 10-feet reflectors 
failed to show them. 

The 40-feet telescope had a space penetrating 
power of lfll'69. To obtain a space penetrating 
power of 500, Herschel computed, would require a 
telescope of 10 feet 5'2 inches in diameter for a re- 
flector on his construction. But he points out that 
the light of the heavens on a clear night would set 

Phil. Tram., 1800, p. 70, footnote. 
* With the 40-feet teleecope, givii^ a apaoe penetrating power of 
191'69, he counted 200 stars ta this duater, " bat the middle la so 
oompressed that it la impoaaible to distinguish the stars." A photo- 
graph by I>i. Roberts oonflrma Herschel's reault. 
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a limit to the ffuntness of the smallest stars visible. 
For, he says, the sky light " most in the end be so 
increased by enlarging the penetrating power, as to 
become a balance to the light of all objects that are 
so remote ae not to exceed in brightness the general 
light of the heavens." This is an interesting and 
important remark of Herschel's. Dr. Roberts found 
that stars of the 18th magnitude are probably the 
faintest which could be phott^raphed, for the reason 
assigned by Herschel. 

Combining the above results for the space pene- 
trating imwer of his smaller telescope with the 
length of HiB " Boonding line " deduced from the 
" star gages," Herschel concluded that this telescope 
would show stars 571 times as far from the earth 
as Sirius, " and only those 058, 734, and 81S times the 
same distance would have been beyond ite reach." 
Let us see how these distances compare with the 
results of modem observations and telescopes. The 
40-inch telescope of the Terkes Observatory shows 
stars to about the 17th magnitude of the modem 
photometric scale. ^Tow, as the magnitude of Siriua 
is -1-58, it is 18-58 magnitudes, or about 27,000,000 
tunes bi-ighter than a star of the 17th magnitude. 
Hence it follows that if Sirius were removed to 5200 
times its present distance (V 27,000,000), it would still 
be visilde ae a faint star in the great Yerkes telescope. 
Hersfdiel says that, taking the space penetrating 
power of his 40-feet telescope as 102, and a 7th 
magnitude star as the limit of unaided vision, " this 
telescope would show stars of the one thousand 
three hundred and forty second magnitude." But 
there is some mistake here; for no telescope that 
could possibly be constructed wonld show stars of 
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even the 100th magnitTide (if any such exist). Pro- 
bably Herschel intended to say that his 40-feet 
telescope woold show stars 1842 times the distance 
of Sirius. But according to modem estimates, it 
would probably have shown stars much farther off 
than this, as the above results for the Yerkes tele- 
scope will show. Herschel shows that a cluster of 
50,000 stars * would be visible in his large telescopea 
if its distance were llf millions of millions of millions 
of miles." * But this result seems very doubtful, as 
it, would imply a journey for light of two miUions of 
years. 

Herschel computes how long it would take to 
" gage " the whole heavens with the 40-feet telescope 
and power of 1000, allowing that a year wUl yi^d 
loo hours suitable for the purpose, "when the sky is 
very clear, the moon absent, no twilight, no haze, 
no violent wind, and no sudden change of tempera- 
ture, and he finds that the heavens might be 
"swept" with his 20-feet reflector in about 14j 
years ; but with the higher po^ver used on the 40- 
feet telescope it would take no less than 408 years, 
and a further 213 years for the portion of the 
southern hemisphere invisible in these latitudes. 
But the application of photography to the heavens 
has overcome this difficulty, and tiie work can now 
be done much more accurately and quickly. The 
photographic chart of the heavens commenced some 
years ago is now approaching completion. 

In the year 1802, Herschel published in the Philo- 
aophvxil TransactioTia for that year a "Catalogue of 

' First Btated aa GOOO, but afterwards oorreoted by HeiBobel to 
50,000 {Phil. Tram., 1802, p. 49S, footnote). 

■ Banohel'a number is equivalent to llj trilHoui oE miles. 
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500 New Nebnlffi [in addition to others previously 
published], NebulouB Stars, Planetary Nebnlse, (md 
Clusters of Stars." In the introduction to this 
catalogue he makes some remarks on "tiie con- 
struction of the heavens." He says that the sun and 
solar system " can only rank as a single individual 
belonging to the species we are going to consider." 
Among what he calls "insulated stars," t^t is, 
"stars at immense distances from each other," he 
includes the San, Arcturua, Oapella, Lyra [Vega], 
Sirius, CanobuB, Markab [a Pegad], BeUatriz, Menkar 
[a Ceti], Shedir, Algorab [a Corvi], Propust' etc. 

Taking the diameter of the earth's orbit round 
the sun as probably subtending not more than an 
angle of one second, as seen from Siriua,' he finds 
that, supposing the masses equal, the two bodies 
would not fall together in less than SS'millionB of 
years. He thinks that such stars may be considered 
as "insulated." that is, not immediately cozmected 
with any neighbouring stars. He also thought that 
the oppoaite attractions of the surrounding Milky 
Way would tend to keep these insulated stars almost 
at rest. And here he makes an interesting reniark 
on the MUky Way, which clearly shows his change 
of views rai the construction of the Galaxy. He says, 
" For, though our sun, and all the stars w^e see, may 
truly be said to be in the plane of the Milky Way, 
yet I am now convinced by a long inspection and 
continued examination of it, that the Milky Way 
itself consists of stars very differently scattered from 

' Probably a mlgprint for Proojon. 

* In other woidi, that tha puaUu of Sirios Is Ins than bolt a 
aeooud of aie. This we now knon to be oorreot, tbe beat u 
of its pamllax being OST aecond. 
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those wUi^ are immediately about us. But of this 
more wUl be Bald on am>ther occasion." Here he 
practically abandons the " disc theory." 

He thought " that probably we can only look for 
solar systenLa among insulated stars," other sidereal 
constructions being perhaps differently constituted. 
The satellites of Sirius and Procyon were of course 
unknown to Hersehel ; but we can hardly call these 
solar systems. Planets they may possibly have, but 
the visible attendants are undoubtedly faint suns, 
and these bright stars are really binary systems, and 
not " insulated stars." 

Hersehel then considers the binary, or revolving 
double stars, and says, " there is an essential differ- 
ence between the construction of solar and sidereal 
systems." He shows tiiat "insulated stars," like 
Arcturua and Vega, could never appear doable to 
us, for la order that they should seem close enough 
to rank as a double star, they should be removed to 
a distance of 41,253 times the distance of Sirius, and 
that at this great distance even the 40-feet telescope 
would fail to show them. This is evidently correct, 
for the distance given is about eight times the 
distance at which Sirius would be reduced to a star 
of the 17th magnitude. He considers tiie case of 
the double star £ Aquarii which has components 
of nearly equal brightness, and shows that the odds 
are over 75^ millions to one against the hypothesis 
that t Aquarii is merely an optical double star. 
Hence he concludes that the components of dose 
double stars are really close togetiier, and that 
" their existence must be owing to the influence of 
some general law of nature." This, he says, is con- 
firmed by his own observations, which show that 
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" many of them have acttuilly changed their aituation 
with regard to each other, in a progressive cov/rse, 
denoting a periodical revolution rouTid each other; 
and that the motion of some of them is direct, while 
tJiat of others is retrograde." ' He then coimidere 
treble, quadruple, and multiple stare, and BhowB that 
a number of bodies may revolve round an "empty 
centre" by the laws of gravitation, "and remain 
permanently connected without a central body." 
He considers various cases of three and four bodies 
of equal mass revolving round a common centre in 
equal times. But we do not find such simple cases 
in nature. 

With reference to the Milky Way, he says, *' On 
a very slight examination it will appear that this 
Immense starry aggregation is by do means uniform. 
The stars of which it is composed are very unequally 
scattered, and show evident marks of clustering 
together into many separate aUotaneats." * Here 
WB have further evidence of Herschel's change of 
views. 

He thought that " the construction of groups of 
stars is perhaps, of all objects in the heavens, the 
most dif&cult to explain." In the globular clusters 
he speaks of " a centre of attraction,' ' round which the 
components revolve. This was also the opinion of 
his famous son. Sir John Herschel. With reference 
to the nebulfe, he thought that clusters at a great 
distance might present the appearance of nebulie, 
but with instruments of high space penetrating 
power the latter "are the objects which may be 
perceived at the greatest distance." He considers 
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that milky nebnlosdty may be either due to " widely 
extended regions of closely connected stars," or else 
real nebulosity at " possibly no very great distance 
from us." He thought that he had observed some 
clianges in the great nebula in Orion, but modem 
obserraliona do not tend to confirm, this idea. 
Changes are donbtlees in progress, but they probably 
take place very slowly. 

With reference to " nebulous stars," he seems to 
think that tiie surrounding luminous haxe is due to 
a "self-luminous milky nebulosity," although the 
central point of light ia really a star. We now 
know tiiat this is probably the correct conclusion. 
" Planetary nebnlie," he thought, " allied to nebulous 
stars," and the spectroscope has fully confirmed this 
hypothesis. He noticed that some of the planetary 
nebuUe showed a bright central point, and these he 
considered to be "an intermediate step between 
planetary nebnlse and nebulous stare." In this idea 
he was probably correct, the nebulous stars possibly 
indicating a more advanced stage in stellar evolution. 

In the PhUoBophieaZ Transactwna for 1803 (p. 839) 
there is a paper by Herachel entitled, " Account of 
the Changes that have happened during the last 
Twenty-five Tears in the Relative Situation of 
Double Stars; with an Investigation of the Cause 
to which they are owing." In this interesting paper 
we have the first recorded observations of motion 
in Innary star systems. The probable existence of 
revolving double stars was previously predicted by 
the Kev. John Michell, but he made no observations 
in support of his theory, and to Herschel is due the 
pro(^ by actual measurements. The first star con- 
sidered by Herschel is a Geminorum or Castor, the 
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northern of the two bright stare in the heads of 
the Twins. He eetimated the distance between the 
components in the year 1778 to be about two 
diameters of the hurger star, and 23^ years after- 
wards (in 1802) he found the distance about the 
same — that is, about five seconds of arc. The dis- 
tance had therefore r^nained nearly constant. Bat 
not 80 the angle of position. This he found in 1779 
to be 32° 17' north preceding, measuring from the 
north point of the field of view. But in the year 
1802 he found this angle to be only 10° 53', so that 
in a period of about 28 years the angle of position 
had changed about 21° 54', indicating an orbital 
revolution of one component round the other, or 
rather bot^ round their common centre of gravity. 
Tills he shows must be the case, and that any other 
hypothesis, such as the proper motions of the stars, 
or the sun's motitm in space, fails to explain the 
observed motion with any degree of probability. 
The famous Bradley had previously observed the 
position of ihe components of Castor about the year 
1756, and found that the line joining them was 
"parallel to the line joining Castor and Pollux in 
the heavens, seen by the naked eye." l^iis observa- 
tion Hetschel found represented a position angle of 
56° 32'. This would indicate a total change of 45° Sfl- 
in a period of about 48^ years. From this motion 
Herschel computes that the period of revolution of 
one component round the other would be about 342 
years. This result agrees closely with the most 
recent orbit computed by Dr. Doberck, who finds a 
period of 346'82 years. The total change of angle 
now amounts to over 100° since Bradley's time. 

Herschel then considers the motion of the double 
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Btar 7 Leonie. For this pair he found a motion of 
13° 58' in 21 yeare, with a Bmall increase in the dis- 
tanca From the observed measures he concluded 
that the period of revolution was aboat 1200 years. 
Three orbits have been computed for this star — one 
by Hind, and two by Doberck ; but Bumham has 
shown that all the measures may be fairly well 
represented by rectilinear motion, and hence that 
the binary cluwuoter of the pair is doubtful. 

Another star mentioned by Herschel is the beau- 
tiful double star t Bofitis. Here he found an angular 
motion of 12° 88' in about 22^ years, with a sUght 
increase in the distance, and he concludes that the 
period of revolution would be about 1681 years. 
But modem meaaures do not qtiite confirm t^iis 
result, the motion, if any, being very slow. 

With reference to £ Hercttlis, now a well-known 
and interesting binary, Herschel says that his 
observations " furnish us with a phenomenon which 
is new in astronomy; it is the occultation of one 
star by another." In 1802 he found it apparently 
single, with a high power, and concluded that one 
star was eclipsing the other. But recent investiga- 
tions of the orbit of this star, which has a period of 
about 85 years, show that no real occultation ever 
takes place, the minimum distance between the 
components beii^, according to Dr. See, about 0-45 



For S Serpentis, Herschel found an angular change 
of 18° 39* in about 19 years, and estimates the period 
of revolution at about 375 years. But measures in 
recent years show that the motion is now very slow, 
and its binary character seems to be doubtful. 

For the famous binary star y Virginis, Herschel 



Di^ilizDdbyGoOgle 



SIB WILUAM HEBSCHBL'S THEORIES 177 

found an angular change of 10° 24' in about 21^ 
years, with little or no change in the distance. An 
observation by Hayer in 1756 gives a position angle 
of 54° 21' 87", showing a total change of 24° 2' in 
about 47 years. From these observations Herschel 
estimated the period of revolntion at about 708 
years ; but the beat modem orbit gives a period of 
184 years (See). 

In a second paper on the subject of binary stars 
in the PkilosophictU Transactions for 1804, Herschel 
considers a number of other double stars in which 
he^ thought he had detected angular motion. Some 
of these have proved to be binary, but in others the 
motion has not been confirmed. 

In the volume for 1805 (p. 233) Herschel describes 
furtJier investigations made with a view to deter- 
mine the direction and velocity of the sun's motion 
in space. He points out that if a solar motion exists, 
all the apparent parallactic motions will be in a 
direction opposite to that of the sun's motion, but 
the real motions of the stars themselves will take 
place " Indiscriminately" in all directions. He then 
considers the motions of some of the brighter stars 
— as probably the nearest to the earth. He finds 
that when the lines representing the proper motions 
of these stars are produced backwards, they meet in 
various points in Hercules, and near " the head of 
the Dr^on" (Draco). Taking stars of the second 
magnitude, and combining these with the first, he 
finds a very similar result. He thought that the 
changes in the position of the components of some 
double stars was probably due to the sun's motion 
in sjiace. 

In a third paper on the same subject in the 
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PkUoBOphical Transactions for 1806 (p. 205), Herschel 
continiieB his examination of t^e sabject, and assmnes 
that, roughly, the diatancea of the stars are Indicated 
by their brightness, die brightest being the nearest. 
He gires the relative brightness of the brightest stars 
thus (in his notation described above) — 

Sirius Arcturus — Capella — , Lyra — — Alde- 

baran . Procyon. 
Here he estimates Aldebaran as equal to, or even 
slightly brighter than, Procyon, but modem photo- 
metric measures make Procyon the brighter by about 
half a magnitude. He gives the following "Pro- 
portional Distances" : — 

Sirius . . 1-00 Lyra (V^t*) • 1"80 

Arcturus . 1*20 Aldebaran . I'lO 

Capella . 1-25 Procyon . . 1-40 

But modem measures of parallax give the actual 
distances of these stars in the following proportion : — 

, Sirius . . 1-00 Vega . . . 4-51 

Arcturus . 15*41 Aldebaran . 3*46 

Capella , 4" 56 Procyon . , 1'14 

This shows how unsafe it is to estimate distances 
of stars by their appiurent relative brightnesa 

Herschel shows that the proper motions of the 
stars cannot be accounted for by orbital motion 
round each other. He then discusses the hypothesis 
of a central body of great size, which he thinks 
might possibly exist, but must be considered as 
" intirely hypothetical." A very massive body at 
a centre of force might, however, be replaced by a 
group of stars, whose combined {attractions might 



Di^ilizDdbyGoOgle 



SIR WILLIAM HBRSOHEL'S THEORIES 179 

produce the same effect, and he refers to a cluster 
discovered by Halley, which seema to be the great 
globular cluster in Hercules (Messier 13). He does 
not, however, limit this hypothesis to one cluster, 
but thought that the combined attractions of a 
number of clusters might have the observed result. 
A further source of attraction might, he suggested, 
be found in the clustering regions of the Milky Way. 
He did not arrive at any very definite conclusion as 
to the position of the supposed centre of attraction, 
but seemed convinced that the pr<^>er motions of 
the stars and the sun's motion in space must be due 
to some form of gravitation. 

In a paper in the Philosophical Tranaactiona for 
1811 (p. 269) Herechel returns to the subject of the 
construction of the heavens. He says, " A knowledge 
of the construction of the heavens has always been 
the ultimate object of m.y observations," and he pro- 
poses to arrtuige the objects he observed"in acertain 
Bucoessive regidar order." He uses the following 
memorable words, which show his change of views 
since the publication of his earlier papers on the 
subject : " If it should be remarked tliat in this new 
arrangement I am not entirely consistent with what 
I have ^ready in former papers said on the nature 
of some objects that have come under my observa- 
tion, I must freely confess that by continuing my 
sweeps of the heavens, my opinion of the arrange- 
ment of the stars and their magnitude, and of some 
other particulars, has undergone a gradual change ; 
and indeed when the novelty of the subject is con- 
sidered, we cannot be surprised that many things 
formerly taken for granted should on examination 
prove to be different from what they were generally. 
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but incaatiouBly, supposed to be. For inetaaoe, ao 
equal scattering of the stars may be admitted in 
certain calculations, but when we examine the Milky 
Way, or the closely compressed clusters of stars, of 
which my catalogues have recorded so many instances > 
this supposed equality of scattering must be given 
up. We may also have surmised nebnlse to be no 
other than clusters of stars disguised by their great 
distance, but a larger experience and better acquaint- 
ance with the nature of nebulse will not allow^ a 
general admission of such a principle, although un- 
doubtedly a cluster of stars may assume a nebulous 
appearance when it is too remote for us to discern 
the stars of which it is composed." 

He then proceeds to divide the celestial objects 
he observed into " classes," as follows : — 

1. " Extensive diffused nebulosity," This can 
only be seen with telescopes of great light gather- 
ing power. Modem photographs show this diffused 
nebulosity in many parts of the Milky Way and 
elsewhere. Herschel gives a list of 52 places where 
he observed such faint nebulosity. Photographs 
taken by the late Dr. Roberts of Herschel's nebulous 
regions failed to reveal this nebulosity, except in 
fonr cases ; but photographs by other astronomers 
have shown nebulosity in several of the places in- 
dicated by Herschel. Herschel was such an excellent 
and cautious observer, it is difScolt to iniagine that 
he could have been deceived in this matter. His 62 
nebulous regions covered an area of nearly 152 square 
degrees. He says, "By nebulous matter I mean to de- 
note that substance, or rather those substances which 
give out light, whatsoever may be their nature, or of 
whatever different powers they may be possessed." 
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2. " Nebulosities joined to nebulae." He found 
liiat the diffused nebnloaity Just mentioned is some- 
times connected with "real nebulae." Among ex- 
amples of this class he mentions the great nebula in 
Orion, and he says " we can hardly have a doubt of 
its being the nearest of all the nebulse in the heavens." 
But this now seems doabtfttl. The stars in its vicinity, 
and which are probably connected with it, show no 
signs of any measurable parallax. He says that this 
nebula contains very bright and also very faint 
nebulous matter, and argues that the fainter portions 
cannot be " exceedingly farther from us " than the 
brighter parts. 

8. "Detached nebulosities." These are small 
detached portions of nebulous light visible in some 
parts of the sky. 

4. "Milky nebulae." This term he applies to 
small detaxJied nebulosities which have a "milky 
light." 

5. "Milky nebulae with condensations." These 
objects have a slightly brighter centre, and Herschel 
thought this might be due either to condensation or 
to increased depth of the nebulous matter in the line 
of sight. 

6. " Nebulffi ^rhich are brighter in more than one 
place." There are nebulae which have more than one 
nucleus or condensation of light. Herschel thought 
that these objects tend to show that the nuclei are 
due to condensation, and not to increased thickness 
of nebulous matter. For the latter hypothesis would 
necessitate the assumption of " very slender and deep 
projections, all situated exactly in the line of sight," 
and such an arrangement would, of course, be highly 
Improbable. Assuming that the nuclei are due to 



DiqilizDdbyGoOgle 



182 ASTRONOMICAL ESSAYS 

condensation of nebulous ntatter in the brighter 
portions of these nebalsB, he shows that they are 
most probably due to " the universal gravitation of 
matter," and this view is clearly the correct one. 

7. "Double nebulte with joined nebulosity." These 
are small nebuhe, each with a nucleus, and connected 
by a nebulous band. Herschel thought that they 
were on the verge of splitting into two, and that 
some had actually separated. Of the objects observed 
by him some were less than two minutes of axe from 
each other. The m&jority, however, were former 
apart — up to 10 minutes. Most of these differ but 
little in brightness, showing that probably they are 
at about the same distance from the earth, 

8. " Treble, quadruple, and sextuple nebulse." In 
addition to the double nebuln mentioned above, 
Herschel observed twenty treble, five quadruple, and 
one sextuple nebulss. Among these he mentions a 
quadruple nebula, in which four nebulce lie within 
three minutes of arc. The nebulss in the sextuple 
one " are all very ftunt and very small." He thought 
that these compound nebules probably owe their 
origin to " tiie breaking up of some former extensive 
nebulosities of the same nature." He notes that 
there are regions where the nebube of hia catalogues 
*' are uncommonly crowded." One of these regions 
begins " over the tail of Hydra Emd proceeding to the 
southern wing, the body, and the northern wing of 
Virga Then to Coma Berenices, Canes Venatici, 
and the preceding arm of Bootes. A difFerent branch 
goes from Coma Berenices to the hind leg of Ursa 
Major. Another branch passes from Ithe wing (^ 
Yirgo to the tail and body of Lea" The existence 
of this nebulous region has been fully confirmed 
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by modem obeervations. Ad " absence of neboLe," 
Herschel says, is remarkable in a region extending 
from the head of Caprioomus, through Antinoos, to 
the tail of Aquila, and through the body of Hercules 
to iiie head of I>raco. There ia also a barren region 
in Auriga, Lynx, and Camelopardalua. 

9. " Very narrow long nebole." These, Herschel 
thought, were nebulee of small thickness seen edge- 
ways. Modem obserrationa suggest that moat of 
these elongated objects are spiral nebulce with their 
edges turned towards the earth. 

10. " Extended nebnlse." These are similar to the 
lost, but of greater apparent width. Most of them 
probably represent spiral nebulae seen at various high 
angles of inclination. But Herschel was not aware 
of the existence of spiral nebulss. They were dis- 
covered by Lord Bosse with his great 8-feet reflector, 
and photographs have fully confirmed their exist- 

11. " NebuIsB of an irregular figure." This is a 
term applied by Herschel to small nebnlse with no 
well-marked boundaries. The term m^ht also be 
applied to tiie great nebula in Orion and others of 
the same character. 

12. " Nebolie of an irregular round figure." These 
he considered as probably spherical in form, and not 
cylindrical or conical. As in the latter case the axis 
of the cylinder or cone must point exactly towards 
the earth, the probability ia, of course, in favour of 
the globular form. 

18. " Bound nebulte." These are of a more definite 
cironlar form, and Herschel considered them globular, 
and says, " we may now more confidently assign the 
attraction of gravitation as the principle which has 
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drawn the nebulous matter towards a center, and 
collected it into a spherical compass." 

14. " Nebulfe that are remarkable for some particii- 
larity in figure or brightness." Among these he men- 
tions " a considerably bright nebula about 15 minutes 
long and 3 minutes broad ; its length is divided in the 
middle by a black diviBion at least three or four 
minutes long," and he suggests that it Is " a ring in 
a very oblique position with respect to the line of 
sight." Here, again, we have probably a spiral 
nebula with its plane at a high angle to the back- 
ground of the sky. 

15. "Nebulffi that are gradually a little brighter 
in the middle." This increase of brightness is " always 
very gradual from the outside towards the middle of 
the nebulsB." This he thought probably due either 
" to the small quantity of the preponderating central 
attractive power, or even to the shortness of its 
time of acting ; for in this case " millions of years 
perhaps are but moments." 

16. " NebuliB which are gradually brighter in the 
middle." This class includes those nebulce in which 
the increase of light in the centre is decidedly greater 
than in the preceding class. Herschel thought that 
the gravitating action was here " in a more advanced 
state," or, in modem language, that these objects are 
in a more advanced stage in the evolution of stars 
from nebulse. 

17. "Nebuhe that are gradually made brighter in 
the middle." These seem 1}0 show a further step in 
the condensation process — that is, a more advanced 
stage of evolution. 

18. " NebulsB that have a cometic appearance." 
In this class Herschel included nebulee wi^ a strong 
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condensation in the centi-e, thus resembling a tele- 
scopic comet, ^td he suggests that small comets 
" may he composed of nebulous matter, or may, in 
fact, be such very highly condensed uebulse." But 
even the smallest of these nebuhe must be vastly 
greater in size than the laorgest comet ever observed. 

19. "NebultB that are suddenly much brighter in 
the middle." In this class the nucleus is more sharply 
marked from the surroimding nebulosity t^ian in the 
preceding class. In fact, they are more like " nebulous 
stars," except that tbe nucleus is a nebula, not a 
star. Herschel thought that this nucleus was an 
indication of approaching consolidation. 

20. " Round nebulae increasing gradually in bright- 
ness up to a nucleus in the middle." Here we have 
clear evidence of " the existence of a central attrac- 
tion," They seem to closely resemble what Herschel 
called " cometic nebula." 

Of "nebulte with a nucleus" Herschel mentions 
Messier 68. A photograph by Dr. Roberts in 1896 
shows this to be a spiral nebula " with a bright 
stellar nucleus in the centre of dense nebulosity." 
Huggins Snds a continuous spectrum, indicating, as 
Herschel supposed, an advanced stage of condensation. 

Among "extended nebulse that show the pro- 
gress of condensation " Herschel mentions Messier 65, 
which he describes as "a very brilliant nebula ex- 
tended in the meridian, about 12 minutes long. It 
has a bright nucleus, the light of which suddenly 
diminishes on its border, and two opposite very 
faint branches." A photograph by Dr. Roberts shows 
that this is also a spiral nebula. 

Herschel observed some small nebulse of "an 
almost uniform light." These seem to differ but 
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little from the " planetary nebaltB." Some of these 
objects, he thought,'were approaching " a period of 
final condensation." This, he considered, was shown 
by the fact that they seem to hare " a superficial 
lustre such as opaque bodies exhibit, and which could 
not happen if the nebulous matter had no other 
quality t^ian that of shining, or had so little solidity 
as to be perfectly transparent." 

With reference to "planetary nebnlie," he con- 
sidered that these objects are considerably compressed 
from their original condition. Their usually small 
apparent diameter of 10 seconds to 60 seconds suggests 
that they have condensed considerably, and that 
a still further condensation would terminate in the 
production of a star. He shows that the density of 
nebulous matter must be very small, and that " a 
cubical space, the aide of which at the distance of a 
star of the 8th magnitude is seen under an angle of 
lOminutes, exceeds the bulk of the sun over two trillion 
times." But as the distance ho assumed for an 8th 
magnitude star is much less than the distance now 
supposed, his figures — enormous as they are — should 
be largely increased. Herschel thought that these 
planetary nebulae probably rotated on an axis. This, 
he says, is indicated by their form, seven out of ten, 
he observed, being "not perfectly round, but very 
little ellipticaL" Other nebulce also show a tendency 
to a similar form. 

He then discusses the probable distance of the 
great nebula in Orion. Supposing it to be at the 
same distance as small stars near it, he comes to 
the conclusion that the distance of the faintest parts 
of this vast nebula " cannot well exceed the region of 
stars of the 7th or 8th magnitude, but may be much 
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nearer ; perhaps it may not amount to the distance 
of stars of the 3rd or 2nd order." But even now 
the distance of this wonderful nebula is quite tui- 
certein. Herechel thoi^ht he found changes in the 
nebulosity in the course of 37 years' observation. 
But such changes have not since been confirmed 
with any certainty. Probably changes are in pro- 
gress, but these may take place very slowly. Even 
a hundred years would hardly count in the life of 
a nebula. 

He gives a' number of examples of what he 
terms "stellar nebulss." These are usually very 
small, and might be easily mistaken for stars with 
telescopes of moderate power. He thought that 
these objects might possibly be planetary nebulss 
" in a higher state of condensation.*' In some doubt- 
ful objects — about 81 in number — he could not 
satisfy himself whether the object was really a star 
or a small nebuhe. Finally, he concluded that he 
had found In the heavens examples of all stages of 
evolution, from the purely nebulous one down to the 
strictly stellar type. 

In the PhUoBophical Transactions for 1814 Her- 
echel again returns to the saane subject. But in this 
paper he considers what he calls " the sidereal 
part of the heavens," and the apparent connection 
between stars and star dusters and nebuloua matter. 
He divides these objects into classes as before. 

1. "Stars in remarkable situations with regard 
to nebulae." These are stars connected, apparently 
at least, with faint nebulosity. He suggests that 
some nebulffi " may have considerable proper motions 
by which they are carried towards neighbouring 
stars." But it now seems more probable that the 
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motion, if any, would be in the stars, not the 
nefoulffi. 

2. " Stars with nebuloaity between them," These 
are stars (usually two) apparently connected by 
faint nebulosity. That this should happen by mere 
chance is, he ar^es, quite incredible. 

3. " Stars with nebulosity of various shapes 
attached to them." In these objects the nebulosity 
i3 only on one side, apparently attached to the star, 
and mailing it look like a small comet. Here, again, a 
real connection between the stars and the nebulosity 
seems to be certain. 

4. "Stars with nebulous branches." These are 
somewhat similar to those in class 1, above. 

5. " Nebulous stars." These have been already 
described and discussed. 

6. "Stars connected with extensive windings of 
nebuloaity." These are stars apparently connec^d 
with irregular shaped nebulosity. With reference to 
these objects, Herschel makes the following interest- 
ing remarks, which show clearly his views on the 
subject in 1814, and prove that his ideas of the con- 
stitution of nebuliB had completely changed since 
his earlier papers were written : — 

"The formation of these objects is extremely 
instructive, as it manifests the affinity between the 
matter of which stars are composed and that of the 
most unshapen chaotic mass of nebulosity. For 
the vanishing chevelure of a star being equally con- 
nected, on the one hand, with the generally diffused 
nebulous matter, and on the other with the star 
itself, round which it is in a state of gradual con- 
densation ; this double union denotes the mutual 
gravitation of the whole mass of nebulosity and the 
stars towards each other ; and unless this proof can 
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be invalidated, we must admit the fact of the grow- 
ing condition of stars, that are in the aituatioa 
which haa been pointed out. 

" This argument adds greatly to the probability 
of stars being originally formed by the condensation 
of the nebulous matter ; for as it now appears that 
Btars must receive an addition to their solid con- 
tents, when they are in contact with nebulosity, 
there is an evident possibiUty of their being origin- 
ally formed of it. Moreover, the affinity between 
the nebulous and sidereal condition being established 
by these observations, we may be permitted to con- 
ceive both the generation and the growth of stars, 
as the legitimate effects of the law of gravitation, 
to which the nebulous matter, as proved by obser- 
vation, is subject." 

7. " Small patches consisting of stars mixed with 
nebulosity." These, he thought, might possibly be 
due to stars and nebulse being " accldent^y in the 
same line of sight," but that " the probability is in 
favour of a real union." He suggests tliat in some 
cases nebulosity might possibly drift by proper 
motion into a region of small stars, and then he 
"gradually arrested and absorbed by them," and 
that thus " the growth of stars may be continued." 

He found some objects of " an ambiguous con- 
straction," the real character of which he could not 
well determine. 

Herschel then proceeds to consider the stars 
themselveB as distinguished from the nebulfe. He 
fonnd that star clusters might be divided into 
different classes. But moat of these classes seem to 
be included in two, namely, irregular clusters and 
globular clusters. Some of bis irregular clusters 
contained atars of various sizes ; some mostly large 
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Btars — that is, comparatively large ; others contained 
extremely small stars only ; some are coarsely 
scattered ; others apparently much compressed. 
Among "clusters of a peculiar description" he 
mentions Messier i and 80. Among those "ap- 
proaching the globular form " he refers to Messier 
68. This was " clearly resolved into stars of 12th 
majpiitude " by his famous son, Sir John HerecheL 
Among those he considered as certainly globular 
clusters, and which he calls " undoubtedly the most 
interesting objects in the heavens," he mentions 
Messier 72, containing, he estimated, hondreds of 
stars; Messier 2, in which he could see the stars 
" even in the central mass ; " from its apparent 
magnitude, 7*7, as measured at Harvard, I find that 
it probably contains about 800 stars. Messier 5, 
59, 80, 13, 8, 15, 70, 19, and 53, are all well-known 
globular clusters. 

He then refers to " more distant globular clusters 
of stars." These he called " miniatures " of the 
larger globular clusters. Among thew he mentions 
Messlere 9, 14, 62, and 75. He supposed these smaller 
objects to be at a greater distance from the earth, 
as their component stars are faint and closer to- 
gether. 

Among still smaller objects of the globular class 
be mentions Messier 60. This is a small globular 
cluster, about 2~° north, following c Sagittaril. 

With reference to the Milky Way, he says that 
in the constellations Sagittarius and Perseus there 
are " eighteen different shades of glimmering light." 
From this he infers that the Galaxy is gradually 
" breaking up," and he says, " we may also di-aw a very 
important conclusion from the gradual dissolution 
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of the Milky Way ; for the state into which the in- 
cessant action of the dostering power has brought 
It at present, is a kind of chronometer that may ba 
used to measure the time of its past and future 
existence ; and although we do not know the rate 
of going of this mysterious tdiroaometer, it is never- 
theless certain that, since the breaking up of the 
parte of the Milky Way affords a proof that it 
cannot last for ever, it equally bears witness tliat 
its past duration cannot be admitted as infinite." 

In the Phiiosophical TranaacHona for 1817 there 
is a paper by Herschel ' on " Astronomical observa- 
tions and experiments tending to investigate the 
local arrangemente of the celestial bodies in space, 
and to determine the ert^it and condition of the 
Milky Way." In this interesting paper he says 
that the position of a celeetia! body in space can be 
determined by tliree dimensions, which he calls 
" length, breadth, and depth ; or longitude, latitude, 
and profundity," t^e last-named meaning, of course, 
the distance of the body from the earth. Of these 
the longitude and latitude can be easily found on a 
celestial globe or star atlas, but the distance from 
the earth cannot always be determined with any 
approach to accuracy. In some cases, of coarse, such 
as the son, moon, and planets, their distance can be 
found and their exact position in apace can be 
accurately ascertained. But the distances of tiie 
stars are so great thiat satisfactory results had not 
been obtained in Herschel's time. He supposed that 
the diameter of the earth's orbit would not subtend 
an angle of more than a second of arc at the distance 

' Hers for the first time he oalls himBsU Sir William Hersohal, 
Knt Gvelp, LIjD., F.B.S. 
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of tlie nearest star, and lAiia estimate is nearly correct, 
the lai^^t parallax known being that of a Centauri, 
namely, 0*75 second (or 1'50 second for the diameter of 
the earth's orbit). He then refers to star magnitudes 
as some indication of the relatdve distance ; ' but he 
thought it safer to assume an equid scattering of the 
stars in space, and thus deduce their distance approxi- 
mately. He supposes a series of concentric spheres 
mtfa radii of 1, 3, 5, 7, Q, etc., and finds the number of 
stars which should be contained in each sphere on 
the assumption of equal distribution. The volomes of 
these spheres, and hence the number of stars in each, 
will be proportional to the cubes of the radii, or as 
I, 27, 125, 343, etc., the differences being the number 
of stars in each shell included between two adjacent 
spheres. He then compares the numbers thus found 
with the number of stars of each magnitude as 
given in Bode's catalogue. This catalogue contains 
17 stars of the 1st magnitude ; but the number, 
according to Herschel's hypothesis, should be 26. 
Of 2nd magnitude stars, there are 57 stars in the 
catalogue, instead of 98 as in Herschel's arrange- 
ment. Of the 3rd magnitude there are 206 instead 
of 218 ; and of the 4th magnitude the catalogue 
shows 454, instead of only 386 on Herschel's plan. 
For the total number of stars in the 4th magnitude 
we have 735 in the catalogue, and 729 in Herschel's 
arrangement — a close agreement. The result is, how- 
ever, not so satisfactory for the fainter stars. Thus 
the catalogue contains 1161 stars of the 5th magni- 
tude, whereas " the 5th order of distances has only 

' We non know that ralAtive brightaeaa la not a safe criterion of 
distiiuoe, Bome faint Btars being nawer to tu than many ol tbs 
brighter etux. 
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room for 602;" and "of the 6th magnitade the 
catalogae contains not less than 6103 Btsrs,' but the 
6th order of distances will admit of only S06 stars." 
For liie 7th magnitude the catalogue "points out 
8148 stars of the 7th magnitude, while the number 
of stars that can be taken into the 7th order of 
distances is only 1178." 

Although admitting that brightness is not a cer- 
tain test of distance, Herschel aaya, " The statement, 
however, that, one with another, the faintest stars 
are at the greatest distance from us, seems to me 
so forcible, that I believe it may serve for the 
foundation of an experimental investigation." He 
then explains a method of "equalizing the light" 
of two stars by means of two telescopes of equal 
diameter and focal length. Tbeae were placed side 
by side, and for a bright star the aperture of one 
was reduced by circular apertures until its apparent 
brightness became equal to that of a fainter star 
viewed with the other and full aperture. 

" In the calculation of a set of apertures for the 
intended purpose," he admitted none that gave less 
than one-fourth of the light, as the " spurious " discs 
of the stars rendered an accurate estimate impos- 
sible. This method of limiting apertures has been 
sometimes used in modem times, but has now beea 
superseded by photometers, which give more accu- 
rate results. 

Herschel gives the results of some experiments 
he made by this method. Comparing Arcturus 

< Wb DOW know that this amnber of itati of tlie &th magnl- 
tiude is too large. The total number af staiB doum to ihi ith 
magnitude is, acoording to tha Hairard photometiio meaaures, 
about 4840. 
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with a Andromedffl, he found that Arcturus was 
aboat four times the brightness of the other, so that 
"if ArctaniB was pnt at twice its distance from us, 
it would then appear, like a Andromeda, as a star 
of the 2nd magnitude, and it would also at the 
same time be really a star of the 2nd order of dis- 
tances." According to the Harvard photometric 
meaauree, Arcturus is 0*24 and a Andromedffi 2'15 
magnitude. This makes Arcturus S'8 times brighter 
than a AndromediB. Among other stars whidi he 
found had about one-fourth of the light of Arcturus, 
he givea the Pole Star, y Urses, and S Cassiopeise. 
The Harvard measures of these are 2*12, 2*54, and 
2-80 respectively. 

Taking a Andromedse as a standard, he found 
that iL (Fl. 48) Pegasi is a star of the 4th magni- 
tude. The Harvard measure of /t Pegasi is 3*67, 
or a little brighter than Herschel made it. Pro- 
ceeding, then, &om p. Pegaei as a standard, he 
found that q (70) Pegasi had one-fourth of the 
light of p. Pegasi, " and that consequently Arcturus, 
removed to 8 times its present distance from us, 
would put on the appearance of a star which in 
our catalogues is called the 5th or 6th magnitude, bu'j 
which would, in fact, be of the 8th order of distances " 
(that is, on Herschel's scale of distances). As the 
Harvard measure of 70 Pegasi la 4'87, it follows that 
Arcturus is 4'43 magnitudes, or 59 times brighter 
than 70 Pegasi, and as Herschel makes it 64 times 
(8") brighter, his result agrees well with modem 
photometric measures. 

Starting from Gapella, he found that one-fourth of 
its light would represent the brightness of p Aurigee 
and /3 Tauri. The Harvard measures make Capella 
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4-2S times brighter than ff Tauri and 5*56 times 
brighter that fi Aurigse. He found that p Tauri waa 
4 times brighter than j: Tauri and t Aurigse, but 
the Harvard measures make ^3 Tauri about 3 times 
brighter than t Tauri, and slightly lesB in the case 
of I Aurigffi. 

He found that a Lyrse (Vega) was about 4 
timea brighter than /3 Tauri. The Harvard measurea 
make it i'5B times brighter; and considering the 
roughness of Herschel's method, the above com- 
X>arisons are not very discordant, 

Herschel's scales of brightness and distances do 
not agree with modem standards. He speaks of 
Sirius as if it were comparable with stars like 
Arctams, Capella, and Vega. He says that the light 
of Procyon is Jf of the light of Sirius, but the 
Harvard photometric measures make Sirius 2*08 
ma^mitudes, or 6-87 times brighter than Procyon. 

For the naked eye he comes to the conclusion 
that "aU the visible stars are probably contained 
within a sphere of the 12th order of distance," 
that is, all stars visible to the naked eye are within 
12 times the distance of an average 1st magni- 
tude star. This would give 1S,625 stars to the 7th 
magnitude. The catalogue, he found, contained 
11,144 stars to this magnitude, and this he considered 
a sufficiently close agreement, but concludes that the 
farthest stars " are more compressed than they are 
in the neighbourhood of the sun." 

He then returns to " the construction and extent 
of the Milky Way." He mentions several bright 
spots or "patches" of light in the Galaxy. Among 
these the " patch under the arrow of Sagittarius, 
the ^one in Sobieski's shield, those near 0, a, and y 
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Cygni, and some in Cassiopeia and Perseus. He 
says that the breadth of the Milky Way is " very 
unequal. In some places it does not exceed 5° ; but 
in seTeral constellations it is extended from ten to 
fifteen." For 120°, he says, It extends " in a divided 
clustering stream, of which the two branches between 
Serpentarius and Antinous ai-e expanded over more 
than 20V He says the sun evidently Ilea in the 
plane of the Milky Way. To examine its construc- 
tion by means of telescopes, he prepared a set of 
apertures for bis different instruments which would 
give " space penetrating powers " from 2 to 28. 
He first tried these various powers on the double 
cluster in the " sword-handle " of Perseus, " as being 
probably a protuberant part of the Milky Way, in 
which it is situated." He found that each increase 
of "gaging" power increased the number of stars 
visible in these remarkable clusters. With the full 
"gaging power" of the lO-feet reflector — about 
28'67 — he estimated that the faintest stars extended 
to the 844th order of distances, while those seen 
■with the lowest power of 2 extended from the 12th 
to the 24th order. This would evidently involve 
the hypothesis of a very elongated cone filled with 
stars, and with its axis pointing directly towards 
the earth — a very improbable arrangement. Herschel 
seems, however, to have been conscious of the un- 
certaLnty of this conclusion, for he says, " With regard 
to these gages, which, on a supposition of an equality 
of scattering, were looked upon as gages of distance, 
I have now to remark that, although a greater number 
of stars in the field of view is generally an indication 
of their greater distance from us, these gages, in fact, 
relate more immediately to the scattering of the 
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stars, of which they give us a valuable information, 
such as will prove t^ different richneea of the 
various regions of the heavens." He found that even 
his "20-feet telescope could not fathom the pro- 
fundity of the Milky Way, and that the stars 
which were beyond its reach must have been farther 
from us than the 900th order of distances." 

With the great 40-feet telescope, which, he com- 
puted, had a space penetrating power of 2800, he 
found that "the telescopic breadth of the Milky 
Way considerably exceeds the extent which in our 
maps is assigned to it." In a spot in the constellation 
Monoceros — ^between Procyon and Orion's " belt " — 
the appearance of the Galaxy led him " to suppose 
that there is a break or vacancy among the stars 
between our situation and the more remote parts 
of the Milky Way." He gives a number of other 
observations, in some of which he found the stars 
very numerous — over 600 stars in some fields I He 
concludes this paper by adding "one remarkable 
conclusion that may be drawn from the experiments 
which have been made with the gaging powers." 
This conclusion is, " that not only our sun, but all the 
stars we can see with the eye, are deeply immersed in 
the Milky Way, and form a wmiponent part of it." 
But even now this conclusion can hardly be con- 
sidered as proved. 

In a paper in the volume for 1818 — his last paper 
on the subject — he gives the results of his observa- 
tions and experiments " for the purpose of ascertain- 
ing the relative distances of clusters of stars, and of 
investigating how far the power of our telescopes 
may be expected to reach into space, when directed 
to ambiguous celestial objects." In this paper he 
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applies the " gaging " principle to atar clusters, and 
concluded that some of these, when examined with 
the 20-feet telescope, indicated distances ranging from 
the 144th to the 980th order of distances. Thus he 
estimated that Messier II, 34, and 35 were at the 
144th order, or 12 times the distance of the faintest 
stars visible to the naked eye ; Messier 2, 3, 5, 10, 13, 
15, 53, 71, 72, 74, and 92 at the 243rd order; Messier 
4, 9, 19, 22, 30, 38, 50, 08, and 79 at the 344th order; 
Messier 62, 09, 75, and 80 at the ?34th order ; Messier 
14 at the 900th order ; Messier 77 at the 9I0th order ; 
Messier 57 at the 950th order ; and Messier 1 and 97 
at the 980th order of distances. But the accuracy 
of these supposed distances is now more than 
doubtful. 

He then speaks of " ambiguous objects," that is, 
nebulee which hie telescopes could not resolve into 
stars. Although he could completely resolve the 
Milky Way in some places, yet he did not consider 
it an ambiguous object, and he says, " We may con- 
clude that when our gages will no longer resolve 
the Milky Way into stars, it is not because its nature 
is ambiguous, but because it is fathomless." But the 
idea that the Milky Way is reaUy " fathomless " is 
probably incorrect. Proctor says, " Where Herschel 
thought he was penetrating to the extreme limite of 
the sidereal system, he was in reality only analyzing 
more and more aearchingly an aggregation in which 
fnany orders of stars were tmxed %ip. What hefaHed 
to do was not {as he swpposed) to sound the Oalaxy, 
but to recognize as separate stars the minutest orders 
of orbs included within such aggregation." • 
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With reference to the question of the resolva- 
biKty of star groups as a teat of distance, Proctor 
points oat that if a star group— the components of 
which are equal in magnitnde, and indiTldually 
viaible to the naked eye — be supposed to pass away 
into space, each separate star would become fainter 
and fainter, and the distances between them smaller 
and smaller as the group receded from the eye. 
Now, if the " distances between them became too 
small to be distinguished while the stars themselves 
remained visible, clearly there would result a nebu- 
losity of appearance." " But suppose that, on the 
contrary, the stars of the group became invisible 
when the group was at such a distance that the 
intervals separating star from star would not be 
indistinguishable (if only the stars were brighter). 
Then clearly the group would vanish with increasing 
distance without ever becoming nebulous. Clearly 
also, if a telescope were employed to bring t^e 
retreating group into view, the same conclusion 
would hold good. A group which would become 
nebulous to the naked eye before vanishing would 
become so when examined under a telescope, let the 
telescope's power be what it might; while a group 
which would vanish without becoming nebulous to 
the naked eye would not become nebulous before 
vanishing under telescopic vision, whatever the 
telescopic power employed." ; Prom this reasoning 
— which seems to be sound — it is obvious that the 
resolvability of a star group, in which the com- 
ponents are of equal brightness and equally dis- 
tributed, depends more on the constitution of the 
cluster than on its distance from the earth. 
> " BBuya on Agtronoiuj>," pp. 810, 341. 
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A similar consideration lb applicable to clusters 
containing stars of different classes of brightness. 
Proctor says, " Supposing a group of this kind to be 
passing away into space — as in the former case — the 
question whether it would become nebulous at any 
stage or stages of its progress would depend on the 
questioD whether or not the orders ot stars about 
to disappear individually were congregated so closely 
that the eye could not distinguish the distances 
separating them." 
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CHAPTER XI 

THB BRIOHTNBSS OF THE SUN 

The sun's brightness has been variously estimated 
from 340,000 to 800,000 times the brightness of full 
moonlight, but Zdllner'a estimate of 618,000 times 
moonlight is the one now usually accepted. The 
sun's brightness is so great compared with that of 
the brightest stars that a comparison can only be 
made through the medium of the moon, and even 
then with considerable dif&culty. Various estimates 
have been made of the sim's brightness in terms of 
stellar magnitudes. Wollaston found it 23*75 magni- 
tudes brighter than Sirius, and taking the Harvard 
measure of Sirius as —1*58, this would nuike the 
sun's stellar magnitude —27*33, a higher value than 
now generally adopted. Steinheil found — 25'54, 
Bond -26-02, and Clark -25*47, values probably 
too small. Professor Young gives —26*3, Professor 
Newcomb -28*4, and some recent experiments by 
M. Fabry give the value -26*7.' 

Instead of comparing the brightness of the sun 
directly with that of the brightest stars, I have 
recently made some calculations of the probable 
value of the sun's stellar magnitude by comparing 
its light with that of some binary stars which have 
the same, or a similar spectrum, and for which fairly 
' Th4 Obtervaiory, Februuj, 1901. 
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reliable orbits have been computed.' The method 
of computation is as follows : knowing the period 
of revolution of the binary star in years, the semi- 
axis major of the orbit in seconds of arc, and the 
star's parallax, we can calculate the mass of the 
binary system in terms of the sun's mass by an 
extension of Kepler's third law of motion. Now, 
assuming the binary pair to have the same density 
and surface luminosity as the sun, we can find the 
surface of a single body equivalent in mass to the 
binary pair. We can thus compare the brightness 
of the sun with that of the binary star, the parallax 
and the photometric magnitude of the binary star 
being known. Again, calling the sun's stellar magni- 
tude S, we can find what the sun's magnitude would 
be if it were removed to the distance of the binary 
star. Equating the two expressions thus found, we 
eliminate the parallax and obtain a formula for the 
sun's stellar magnitude in terms of the star's photo- 
metric magnitude, its period in years, and the semi- 
axis major of the orbit. This expression will be 
independent of the star's distance from the earth, 
and may be applied to any binary star which has 
a spectmm similar to that of the sun. Applying 
this method to the binary star a Gentauri, the 
brighter component of which has a solar spectrum, 
and of which the orbit is accurately known, I find 
the sun's stellar magnitude — 26"33. The binary 
star i Urs£e Majoris, which has a spectrum of the 
solar type (G. Pickering), gave the value — 2fl"S4, and 
1] Oassiopeiffi (F 8 G) — 2d'65. The mean of these 
values is — 26'44, which agrees closely with Professor 
Newcomb's value. 

1 Monthly Notices, B.A.S., Jane, 1903. 
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Some recent 'observations by Ceraskl, using Venus 
as an intermediary, and taking the stars Polaris, 
Procyon, and Siriua, give a mean value of -26-59. 
In this volume I have adopted the value —26-5, 
which is probably near the truth. Possibly, how- 
ever, the true value may be slightly higher, perhaps 
-26-7 or -26-8. 

The magnitude -26*5 implies that the san is 
40,000 millioQ times brighter than a star of zero 
ma^piitude, like a Centauri. To reduce its light to 
a star of this magnitude it should therefore be 
removed to a distance of 200,000 times (the square 
root of 40,000,000,000) its present distance. The 
parallax would then be about one second of arc, 
representing a light journey of about 3J years. To 
reduce the sun's light to that of a star of the 1st 
magnitude, like Aldebarau, it should be removed to 
a distance represented by a light journey of about 
5 years. To reduce it to the 5th magnitude, a light 
journey of about 32J years would be necessary, for 
the 10th magnitude about 326 years, and for the 
15th magnitude 8260 years. It follows, therefore, 
that if any of the 15th magnitude stars, visible in 
large telescopes, are equal to our sun in size and 
brightness, they must lie at a distance of over 3000 
years of light travel. There is no escape from this 
conclusion unless we assume an absorption of light 
in space, and of this there seems to be no satisfac- 
tory evidence 
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CHAPTER XII 

THE SBCOLAB VARIATION OP STARS 

In my book " Studies in Astronomy " (chap, xvii.) I 
gave some examples of stars which seem to have 
either increased or diminished in brightness since 
the earliest reliable observations of stellar magni- 
tude were made. The following are some further 
interesting cases of probable change in brightness 
among the naked-eye stars daring the last two 
thousand years. 

Let us first consider — as before — some stars which 
seem to have diminished in brightness since the days 
of Ptolemy and A2-Sufi. 

8 (4) Tauri. This star lies a little north of the 
conspicuous pair of 1th magnitude stars o and i 
Tauri (south-west of the Hyades). It was rated 4ttj 
magnitude by Ptolemy (or Hipparchus) and Al-Sufl, 
5th magnitude by Argelander and Heis, 5-Q by 
Houzeau, and it was measured S'll with the photo- 
meter at Harvard (f being 8'75). Ptolemy rated it 
the same as o and f, but Al-Sufl made it a little less 
than those stars. It forms one of a curve of four 
stars referred to by Al-Sufi. These are / (5), s (4), 
$ and a ; / (5) being the moat northern, and □ the 
most aouthem of the four. Al-Sufl rated both / and 
s as 4th magnitude, but at present s is about one 
magnitude fainter than /, and it has probably faded 
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Bince Al'Snfl'a time (tenth century). Its spectrum is 
of the Sudan type (A). The four stars referred to 
above were called by Ptolemy dwoTo/iTi, " a cutting off, 
a piece, segment," probably because they are ap- 
parently isolated or cut off from the rest of the 
constellation. Al-Sufl says that they form "a slightly 
curved line with the convexity turned towards the 
east," and that " between these stars and the Pleiades 
there is no star of even the sixth magnitude except a 
faint one [13 Tauri?], which could only be seen with 
diflBculty." This is quite correct, and there can be 
no doubt as to the four stars referred to by Al-Sufl. 

TT Leonia. This star, which lies about 4° south- 
west of Hegulus, was rated 4th magnitude by 
Ptolemy, Al-Sufl, Tycho Brah^ Bayer, Hevelius, and 
Flamsteed, but it was measured 4-89 at Harvard, 
thus confliming modem estimates with the naked 
eye by Argelander, Heis, and Houzeau, who all 
estimated it 5th magnitude. Both Ptolemy and AI- 
Sufi rated it equal to p Leonis, but it is now nearly 
one magnitude fainter. The spectrum of ir Leonis 
is of the 8rd type, a spectrum shown by many 
variable stars. 

( LeonJB. This was rated 3rd magnitude by 
Ptolemy, a-4 by Al-Sufl, 3 by Tyeho Brah6 and 
Bayer; but it was estimated 4th magnitude by 
Argelander, Heis, and Houzeau, and it was measured 
4*03 with the Harvard photometer. Al-Sufl made 
it distinctly brighter than p (4 m.), bat at present t 
is slightly the fainter of the two. Its spectrum is 
F 5 G according to Pickering, or similar to that of 
Procyon. 

With reference to the " extern stars " of Gemini 
(those outside the ancient flgure), there is some 
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difficulty in ide ntifying Al-Sufl'a 7th star . He says, 
"The Tthfollows the three 8t*rs (85, 81, and 74 of 
Flam&teed), and is of small fourth magnitude ; 
Ptolemy aays fourth. Between it and the fourth, 
which ia the northern of the three, there ia less than 
two cubits (4° 400 towards the south-east [this would 
indicate ^ Cancri]. These four stars are found be- 
tween al-gumaiaa [Proeyon] and the 2nd bright star, 
which is in the head of the Posterior Twin [Pollux], 
nearer the bright 2nd star. The latitude of this star 
is also erroneous, because it follows them in their 
direction [that ia,'.in a line with them] towards the 
north [this indicates /t Cancri], while as marked on 
the globe it forms a triangle with tdie 4th and 5th 
[85 and 81]. Ptolemy says that it is bright, but in 
reality it is of small third magnitude. There is not 
in this place a star of either fourth or fifth magni- 
tude, if it is not a faint one of about the sixth 
magnitude." With reference to these remarks of 
Al-Sufl, which are very puzzling and difficult to 
explain, Schjellerup says, " Ce passage relatif & la 7° 
etoile est tout-i-fait inintelligible ; en effect, la de- 
scription que nous en donne Slifi an commencement 
s'applique tr6a bien tant pour Is grandeur, que pour 
la position, k ^ Cancri, tandis que, & la fin 11 parte de 
fi Cancri, en changeant mSme la grandeur." I find 
that Ptolemy's positions, as given by Al-3ufi, when 
plotted, show the 7th star in the position described 
by Al-Sufi, namely, forming a triangle with the 4th 
and 5th. This position applies fairly well to f Cancri, 
which was probably Ptolemy's star. But it does 
not agree at all with Al-Sufl's 7th ,star, which ia 
evidently f^ Cancri, as he says it follows the 4th, 5th, 
aud 6th " in their direction," that is, nearly in a 
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straight tine with them. If Al-SuS's eetiinate of 
"emsU third magnitude" was meant for /* Gancri, 
it must certainly have diminished in brightness, as it 
la now about 5^. If, however, intended for i Cancri, 
we must come to the same conclusion, as j: is now 
only slightly brighter than the 5th magnitude. Both 
stars have spectra of the 2nd type (P). liVom Al- 
Sufl's description of the 8th star of Cancer, it seems 
to be /*, and this is confirmed by Ptolemy's positions. 
We must therefore conclude, I think, that Ptolem y's 
No. 7 of the "extern sta rs" of Ge mini was really 
jl Cancn , and that Al-Sufl was mistaken in thii^ing 
that Ptolemy's position was altogether erroneous. 
Ptolemy's place for ^ Cancri ia not quite correct, 
according to modem measures, but it is not so much 
in error as Al-Sufi thought. Near the position of 
Al-Sufi's " faint star of about sixth magnitude " there 
is one at present which was measured 6*00 at Harvard 
Observatory. This is DM + 10°, Iflll. 

With reference to ^PtolMny's 2l9t star of the 
constellation Leo, Al-Sufl remarks, " Ptolemy says 
it is placed with the 22nd 10}, or al-harkafa, ' the 
buttocks,' to the south'of the bright 20th star [S], and 
is of the fifth magnitude ; however, between the 20th 
and 22nd [8 and ff\ no star is visible. It is found 
removed by a cubit towards the north above the 
bright 20th star. This indicates 72 Leonis. But Al- 
Sufi's identification of Ptolemy's star does not seem 
justified, as M. Flammarion points out in his interest- 
ing and valuable work, * Lea Btoiles,' p. 351. Flam- 
marion identifies Ptolemy's star with Flamsteed, 71. 
But I cannot agree with this identification eit^r. 
71, as shown by Flammarion, lies to the east of a 
line joining fi and 6, but on plotting Ptolemy's 
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positions, as given by Al-Sufl, I find that Ptolemy's 
21st star lies to the west of the line joining 8 and 0. 
I find that the nearest star in the Harvard Durch- 
rmisterung to the position of Ptolemy's star is 
DM + 17°, 2318 {6-8 m.), measured 6-88 at Harvard. 
This may possibly be identical with the missing star 
of Ptolemy (or Hipparehus). If so, it must have 
diminished considerably in brightness, as Ptolemy 
rated his star as 5th magnitude. The spectrum of 
this small star is of the second type (H)." 

With reference to the " extern stars " of Hydra, 
Al-Sufi saya, " .The 2nd is to the north of the 15th 
[X Hydr^e] ... it is situated almost in the middle 
between the 15th and that in the heart of the 
lion [Regulus]. It is of the fourth magnitude. 
Ptolemy says third." This descrip tion app lies ex - 
actly to the star 15 Sextan t ia, but does not agree 
»vith Ptolemy's position. If Ptolemy's star was 
really 15 Sextantia, it must have diminished in 
brightness, as it was measured only 4'50 at Harvard. 
If Ptolemy's star was not identical with 15 Sextantis, 
it must have disappeared, or diminished greatly in 
brightness, as there is no star at present of even 
5th magnitude in Ptolemy's position, the nearest 
being 22 Sextantis, which is a little south of 
Ptolemy's place, and was measured 5-36 at Harvard. 
The spectrum of 15 Sextantia is A. 

P Tirginis. This star was rated 3rd magnitude 
by Ptolemy and Al-Sufl, 3—4 by Argelander, Heis, 
and Houzeau ; but it was measured 3"80, or only 
slightly above l^e 4th magnitude, at Harvard. The 
spectrum is P 8 G, or intermediate between Procyon 
and the sun. 

ij Virginis. Bated 3rd magnitude by Ptolemy 
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and Al-Sufi, S-4 by Argelander aud Heia, and 
4 by Houzeau. It waa measured 4-00 at Harvard, 
thus confirming Houzeau's eatunate. Ptolemy and 
Al-Sufi rated it equal to y Vlrginis, but ij ifl now- 
one magnitude fainter than y. tj has been suspected 
of variable light, and has recently been found to 
be . a spectroscopic binary. Its spectmm is of the 
Sirian type. 

With reference to the 80tfa star of Centau ri, j^^,-l 
which was rated Srd magnitude by Ptolemy, Al-Sufi - *''*l"^ 
says he ooold not find any star in the place indicated p'^j^ _^ ^ ^^] 
by Ptolemy — about 2° following « Centauri. Al- ^ q ,;_^ 
Sufi says, "Quant k la 80*, Ptolemy rapporte ^.^, s.uc 
qu'elle est ausai situ^ an dessous dn ventre; con- . K< J.^^ 
form^ment & son lien rapport6 dans Val-niac^iBH, k*- '*^ "^ 
il fant qu'il y alt entre elles moins d'lme coudde 
de distance. Mais il n'y a ni en cet endroit ni dans 
ses alentours d'etoile qui puisse occuper sa place, 
hormis les ^toUes sus-dites et cormues." Here we 
have a star which proba bly d isappeared, or faded 
considerab ly, b etween Ptolemy's tmiQ .hiuL jbhat of 
Al-Sufl. Near the place iudicated by Ptolemy there 
are some small stare. Ptolemy and A J-Sufi agr ee 
in ratin g $ and i Centauri as equ al (3 rd m agnitude), wR 
but at present $ is cons id erably brighter that t. * ~ a...^ i 

<r Aquarii. Rated {th magnitude ^y Ptolemy, ■'- ^ Jr^ j 
4-5 by Al-Sufi, 5-4 by Argelander, 6 by Heis and * 

Houzeau, and measured 4'80 at Harvard. Al-Sufi 
estimated it as one magnitude brighter than 66 
Aquarii, aud so did Ptolemy, but the two stars 
are now almost exactly equal (5th magnitude). The 
spectrum is of the Sirian type (A). 

83 (h) Aquarii. Rated 4th magnitude by Ptolemy, 
4-5 by Al-Sufl, 6-5 by Argelander and Heis, 5 by 
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Houzeaa, and measured 5*62 at Karrard. Ptolemy 
and Al-Sufl made it equal to if> Aquarii (a little north 
of it), bat at present h is about a magnitude fainter 
than tft. The spectnun is of the Sirian type (A). 

X AquariL 4m. Ptolemy, 4-5 Al-8ufi, 5 Tycho 
Brah^ and Bayer, 5-6 Argelander and Heis, 5 
Houzeau, and measured 5*22 at Harvard. Here, 
again, Ptolemy and Al-Sufl rated x equal to <^, but 
at present x i^ considerably fainter than 0. The 
spectrum is of the 2nd type (H, Pictering). 

K Piscium. This star was rated 4th magnitude 
by Ptolemy and Al-Safl, 5-4 by Argelander, 5-6 
by Heis, and was measured 4*94 at Harvard. Both 
Ptolemy and Al-Sufl made it equal to ui Fisciimi, 
but it is now about one magnitude fttinter than u. 
The spectrum is of the Sirian type (A). 

g (6) Ononis. Bated 4th magnitude by Ptolemy 
and Al-Sufl, 6 by Argelander, Heis, and Houzeau, 
and meaeured 5'18 at Harvard. Ptolemy and Al-Sufl 
estimated it equal to o' Orionis, but at present g 
is about a magnitude fainter that o'. The spectrum 
is of the Sirian type (A). 

i Bridani. Rated 8 by Ptolemy, 4 by Al-Sufl, 
4 by Piazzi, 4-5 by Argelander, Heis, and Houzeau, 
and measured 4*90 at Harvard. Here we seem to 
have a certain diminution of light in the last 2000 
years. The spectrum is of the Sirian tyi)e. 

T* Eridani. 4 Ptolemy, 4-5 Al-Sufl. 4 Bayer, 
Hevelius, and Flamsteed, 4^ Piazzi, 6-4 Argelander 
and Heie, 5-6 Houzeau, and measured 4'Sl at 
Harvard, The spectrum is E, or similar to that 
of Arcturus. 

B Columbffi. 4 Ptolemy and Al-Sufl, 5 Houzeau, 
and measured 5'86 at Harvard. 
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^ Hydrce. Rated iih magnitude by Ptolemy, 
4-5 by Al-Sufl, 6 by Bayer, Heveliua, and Flamsteed, 
ft by Hoozeau, and measured 5*20 at Harvard. It 
was estimated 5-3 at Cordoba. Al-Sufi rated it the 
same as i Hydrte (4*10 Harvard), but at present it 
is a magnitude fainter than that Btar. The spectrum 
is K (Pickering). 

80 Hydree. Bated 3rd magnitude by Ptolemy and 
Al-Sufl, 4-3 by Argelander and Heis, 4-5 by Houzeau, 
and measured 8*95 at Harvard. Both Ptolemy and 
Al'Sufl estimated it as one magnitude brighter than 
< Hydrte, but it is now about half a niagnitude fainter 
than that star. The spectrum is of the Sirian 
type. 

The star S tTrsse Majoris — the ffuntest star in " the 
Plough " — has been suspected of having diminished 
in brightness, as it was rated 2nd magnitude by 
Tycho Brahd and Bayer, or equal to the other stars 
in the Plough. But as it was rated 3rd magnitude 
by Ptolemy (or Hipparchus) and 3-4 by Al-Sufl, and 
its photometric magnitude is now 3*44 (Harvard), we 
may conclude that it has not diminished much in 
brightness since Ptolemy's time. Flamsteed, how- 
ever, in 1700, rated it brighter than the star m " the 
tail," so that it may possibly vary somewhat in 
brightness. Flamsteed's observations of star magni- 
tudes are, however, rather rough, and not always 
reliable. 

Among those stars which have possibly increased 
in brightness, the following may be mentioned ; — 

a OphiuchL This star was rated 3rd magnitude 
by Ptolemy, Al-Sufi, and Tycho Brah6, 2nd by 
Argelander and Heis, and It was measured 2*14 
with the photometer at Harvard. Al-Sufl compares 
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it with a Herculis — which lies a little to the weat of 
it — and says, " they are both of the third magnitude, 
only the star of the head of Hercules ia less brilliant." 
(He rates o Herculis as 3-4 magnitude.) This shows 
that he directly compai-ed the two stare, and found 
a Ophiuchi only a little brighter than a Hercnlis. 
The photometer shows that a Ophiuchi is now a 
full magnitude brighter than a Herculis, and indeed 
the great difference between the two stars ib obvious 
at a glance. It should be stated, however, that a 
Hereolis is irregolarly variable; but ae it is never 
brighter than the 3rd magnitude, it seems probable 
that a Ophiuchi has increased in brightness since 
Al-Sufl's time. Al-Snfi rated it the same as B Herculis, 
but it is now a magnitude brighter. Its spectrum is 
ASP (Pickering). 

Pollux. This star and Castor were both rated 
2nd magnitude by Ptolemy and Al-Sufl, Tycho Brah6, 
Hevelius, and Flamsteed. Pollux was rated 1-2 by 
Argelander, Heis, and Houzeau, and this agrees well 
with its photometric mag. 1"21 (Harvard). Castor 
was rated 2-1 by Argelander and Heis, and 2 by 
Houzeau, and it was nteasured 1-58 at HarvanL 
Pigott says that Pollux was " undoubtedly brighter 
than Castor" in the years 1788-1785. The photo- 
metric measures at Harvard and Potsdam make 
Pollox about 0*4 brighter than Castor. Pollux is 
at present nearer to the first than the second magni- 
tude, and it may possibly have increased in brightness 
since Al-Sufi's time. Its spectrum is K, or the same 
as that of ArcturuB. 

^ Sagittro. Bated 6th magnitude by Ptolemy, Al- 
Sufl, Tycho Brah^, Hevelius, and Flajosteed ; but 
estimated as 5 by Argelander, 5-0 by Heis and 
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and jneaaured 4'95 at Harvard. Its 
spectram is of the Sirian type. 

S Sagittfe. Sm. Ptolemy, Al-Sufi, Tycho Brah^, 
and Bayer, 4i^ Flamsteed, 4 Fiazzi, Arselanderi Heis, 
and Houzeau, and measured 3'78 at Harvard. These 
estimates seem to show a progressive increase of 
light. Al-Sufl made 8 equal to /3 SagittsSf but at 
present 8 is considerably the brighter of the two. 

i Delphini, Rated 64^ magnitude by Ptolemy and 
Al-Sufi, 5 by Tycho Brah6, Hevelius, Flamsteed, and 
Piazzi, 5-1 by Argelander and Heis, 4-6 by Houzeau, 
and measured 4'69 at Harvard. Al-Snfi rated it equal 
to I and ff Delphini, but it is now considerably brighter 
than eitiier of those stars. The spectrum is of the 
Sirian type (A). 

(u' Tatiri. 6m. Ptolemy and Al-SuQ, &-5 Arge- 
lander and Heis, 5 Houzeau, and measured 4'80 at 
Harvard. Al-Sufl rated it one magnitude less than 
p (44) Tauri, but w* is now considerably brighter 
than p, and seems to have certainly increased in 
brightness. The estimates seem to show a progressive 
increase daring the last 2000 years. The spectrum is 
of the Sirian tyi)e (A). 

( Ganis Majoris. Rated 3rd magnitude by Ptolemy, 
Al-Snfl, Tycho Brah6, and Bayer, 3-2 by Flamsteed, 
2-1 by Argelander and Heis, 2 by Houzeau, and 
measured 1-83 at Harvard. Both Ptolemy and Al- 
Sufl rated it equal to ^ Ganis Majoris (S'lO Harvard), 
but according to the photonLCtric measures, it is now 
about 14 magnitude, or nearly four times brighter 
than f. The spectrum is of the Orion type (B 1 A, 
Pickering). 

/5 Ganis Minoris. 4m. Ptolemy, Al-Snfi, and tJIugh 
Beigh, 3 Bayer, Hevelius,^ Flamsteed, Argelander, 
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Heis, and Houzeau, and meaeured 8*09 at Harvard. 
The spectrum is B 8 A (Rckering), 

The Pole Star (a UrssB Minoris) has probably 
increased in brightness since Al-Sufl's time (tenth 
centory). Al-Sufl says that in his day, y Urses 
Minoris was inferior to the Pole Star, or "at the 
most equal to it." He could not have seen much 
difference between them, aa he rates them both 
8rd ntagnitude. As y is now just one magnitude 
f^nter than the Pole Star (according to Argelander, 
Heis, and the photometric measures), Al-Sufl's remark 
would seem to show that the Pole Star was really 
about the 3rd magmtude in his time. Its photo- 
metric magnitude is 2*12 (Harvard). Al-Sufl rated 
/3 tJrsfe Minoris 2nd magnitude, and at present it is 
only a little fainter than this estimate. He rated 
y 3rd magnitude, and here again he is correct, for 
the Harvard measures make it 3'14. The spectrum 
of the Pole Star is P 8 G (Pickering), or very similar 
to t^t of the sun. 
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CHAPTER SIII 

THE BBIOHTNESS OF> 8TABUOHT 

It is probably a matter of conmioii observation that 
on a clear moonlight night it is never absolutely 
dark, a certain amount of light being given by the 
Btars. Evidently, however, this starlight is only a 
small fraction of moonlight. Miss Clarke, in her 
"System of the Stars," gives the light of all the 
stars down to the 9^ magnitude about ^ of moon- 
light. M. G. I'Hermite found starlight equal to ^ of 
moonlight. But this latter estimate is evidently too 
high; the difference between a bright moonlight 
night and one illuminated by starlight only being 
very considerable. 

Let uB make an attempt to estimate the total 
amount of starlight by computing the Kght emitted 
by all the visible stars down to the faintest point of 
l^ht perceptible in the largest telescopes, like those 
of the Yerkes and Lick observatories. The data 
available for this calculation are rather uncertain, 
but a fair approximation to the truth is perhaps 
possible. 

To express the total amount of starlight in terms 
of the light of a star of, say, " zero magnitude " — like 
a Ceutauri — and thence in terms of moonlight, let us 
assume, aa is now admitted by most authorities on 
the subject, that the total number of the visible 
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stars is about 100 millions. Let us aleo assome tliat 
the "light ratio" is 2512 — now accepted by all 
astronomers — that is, that a star of zero magnitude 
gives 2-512 times the light of a standard star of 
the 1st magnitude — lite Aldebaran — a star of Ist 
magnitude 2512 times the light of a star of 2nd 
magnitude, and so on. To enable us to ntake this 
calculation, it will be necessary to estimate the 
□umber of stars in each magnitude down to the 
17th magnitude, which is about the faintest 
visible in the great Yerkea telescope. Prcmi an 
examination of recent results, Professor Newcomb 
finds the following numbers for the stars visible to 
the naked eye : — 





ToUL 


lat Magnitude . . . 


31 


31 




63 


78 




16T 




4th 


606 


736 


6th ., ... 


1740 


3476 


6th 


5171 


7647 



The total shows all stars down to 6'4 magnitude, 
about the faintest visible to the naked eye. 

Taking the total number to magnitude 6*0 at 
7000, and allowing a factor of 3 for the total 
number to each magnitude below tiiis, I find that 
the total number to the 15th magnitude should 
be about 137| millions, to the 16th magnitude 
about 413 mUlions, and to the 17th nu^nitude 
about 1240 millions. Now, as the total number 
visible down to the 17th magnitude does not 
probably exceed 100 millions, it is evident that 
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there must be a diminutioa in the increase, or 
" thinning out," of the fainter atare aa we descend in 
the scale of magnitude. This diminution probably 
begins with stars of the 10th op 11th magnitude. 

Assuming Professor Neweomb's figures for stars 
down to the 0th magnitude, and adjusting the 
numbers in the remaining magnitudes to suit a total 
of 100 millions down to the 17th magnitude, we 
obtain the following table : — 



J 


^ 


g 


*. 


H.«Dlttld.. 


No. of num. 


EqoHsltnt Ho. ot 




Above Eero 


2 


7 


Sirios and Couopns 


Zero mag. 


1 


1 


aCentauii 


0-0-6 


6 


4 


Vega, Capelln, AroturUE, 
Bigel, and Proo^on 


i-iS 


18 


6 




3 


63 


8 




a 


167 


10 




4 


606 


18 




S 


1740 


17 




6 


6171 


30 




7 


16,000 


24 




8 


60,000 


38 




9 


240,000 


60 




10 


800,000 


80 




11 


2,000,000 


79 , 




13 


5,000,000 


79 




18 


9,000,000 


66 




U 


12,000,000 


80 




16 


17.000,000 


IT 




16 


38,000,000 


9 




IT 


81,000,000 


S 




Total ... 662 





It will be noticed that the numbers in column 
3 of the above table rapidly diminish for the 
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fainter magnitudes. The fainter stars shown on 
photographic plates are supposed to be about the 
18th magnitude, and judging from the total 
light of those of the 16th and 17th magni- 
tude, we may safely assume that the combined 
light of all the stars of the 18th magnitude, or 
fainter, would be very small. If there were 100 
millions of stars of the 20th magnitude — if such 
faint stars exist — their combined light wonld be 
only equal to that of a single star like Vega. 
Prom this it is clear that the light of all stars below 
the 17th magnitude may be safely neglected in 
making an estimate of the total amount of star- 
Ught. 

In addition to the stars, there are a large 
niunber of nebulte scattered over the surface of the 
heavens, but the majority of these are such faint 
objects that their combined light must be incon- 
siderable. Perrine has recently estimated that the 
probable number within reach of the Crossley re- 
flector is about 500,000. Assuming for these an 
average magnitude of 11, we have their com- 
bined light equal to that of 20 stars of zero 
magnitude. Hence the total light of all the stars 
and nebulse in both hemispheres would be equivalent 
to 682 stars of zero magnitude, like a Centauri 
or Vega. 

Kow, to find what fraction this is of moonlight, 
we must consider the relation between sunlight and 
moonlight, and the light of a star of zero magnitude. 
Taking the sun's stellar ma^^tude as — 26*5, we 
have sunlight equal to 30310,000,000 stars of zero 
magnitude. Comparing sunlight with moonlight, 
Bouguer found sunlight 300,000 times the brightness 
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of full moonlight, Euler found 374,000, WoUaston 
801,072, G. P. Bond 470,980, and ZoUner 618,000. 
mie mean of all these is 512,810 ; but ZSllner's 
estimate of 018,000 is the one now usually accepted. 
Assuming this value, we have — 

., .. , 30,810,000,000 
Moonlight = 618^000 

= 64,417 stars of zero magnitude. 
Hence — 

Starlight = Q44J7 = UO °^ moonlight. 

As this result is for the whole sky, we have for 
one hemisphere (which is all that is visible from any 
one place at one time) — 

Starlight = hhq of moonlight. 

In addition to the stars and nebulae, there is a lot 
(rf scattered nebulous light visible on photographs in 
various parts of the sky ; but it would be very 
difficult to estimate what amount of light this 
would give. 

An examination of the table given above shows 
that the combined light of the stars below the 0th 
magnitude is considerably greater than the light of 
those above that magnitude ; so that if all the stars 
visible to the naked eye were extinguished, we 
should still have nearly the same amount of star- 
Ught. 

In a recent investigation by Professor Newcomb,^ 

' Fnbliahed in 1902. lAj fligt eetimate wu pabUsbed in Know- 
ledge, AagDBt, 1901. 
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he finds as the results of experiments that the total 
light of all the stars is about eci,nal to 600 etars of zero 
magnitude, " with a probable error of one-fourth of 
the whole amoont." He thinks that a positive error 
is more probable than a negative one, and that the 
number may possibly be greater than 800. He " is 
inclined to regard this quantity as among the most 
important constants of aatrophysics." 

From some actual experiments, Mr, Gavin J. Bums 
finds that on an average the light of the sky is equal 
to that of a star of the 5th nugnitude diffused over 
an area of half a square degree. As the whole star 
sphere includes an area of 11,253 square degrees, Mr. 
Bums' estimate would make the total amount of 
starUght equal to 82,500 stars of the 6th magnitude, 
that is, 825 stars of zero ntagnitude. He finds that 
the average luminosity of the Milky Way is only 
from two to three times greater than that of the 
rest of the sky,^ 

Probably, however, the light of the sky at night 
is not wholly due to starlight. Mr. Bums points out 
that if this were so, the luminosity of the sky should 
" diminish near the horizon, just in the same manner 
as the brightness of the stars diminishes, and for the 
same reason, viz. the greater absorption of light by 
the earth's atmosphere. As a matter of fact, the 
exact opposite is the case. The brightness of the 
sky increases perceptibly near the horizon." " I can 
fully confirm the olraervations of Mr. Bums. I have 
often noticed daring my observations of variable 
stars that on some nights the background of the sky 
is comparatively dark, while on others, equally free 

' Astrophyticai JounuU, October, 1902. 

* Journal of the Britith Aatronamkoi Aisodation, June, 1906. 
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from clonds, the whole sky seema lit up with a 
sort of phosphorescent glow, evidently not due 
to starlight. This glow seems to be variAble, as 
on some nights it is much more conspicuous than 
on others. 
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THE NUMBBR OP THE VISIBLEI STABS 

The total number of stars visible in the largest 
teleBcopes and on stellar photographs is usually 
estimated at 100 millions. To test the probable 
accuracy of this estimate, I have made a number 
of counts of stars shown on the photographic prints 
given in the late Dr. Roberts's volumes of stellar 
photographs. These counts were made by means of a 
r4seau ruled in squares on transparent celluloid. By 
careful measurement I find that the side of a square 
on the r^aeau used is 7-02 millimetres, and therefore 
the area of the square is 58 square millimetres. By 
counting the number of stars in one of these squares 
in various parts of the print, a good average may be 
obtained, and as the scale of each phot<^:rapfa is 
always given by Dr. Roberts, it is easy to compute 
the probable number of stars per square degree on 
each plate. The phot<^:raphlc prints show stars 
down to the 16th or 17th magmtude, but probably 
some faint stars, visible on the original plates, have 
been lost in the reproductions. The time of exposure 
of the plates varies from 1^ to 4 hours, but this 
seems of little consequence, for Dr. Roberts says in 
the preface to the second volume (1899) — 

" The group of the Pleiades has been photographed 
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with the 20-iiiGh reflector during nomerouB in- 
tervals between 1880 and 1808, with exposures of 
between one minute and twelve hours. The results 
are that only the same faint stars and nebulosity 
seen upon plates wMeh have had an exposure at one 
and a half hours are depicted upon those which have 
been exposed during ten or twelve hours. 

" Several photographs of the region of the MWey 
Way in Cygnus (Plate 5) have been taken with the 
20-mch reflector between the years 1886 cmd 1888, 
and, on comparing two of them (one with an exposure 
of SO" the other with 2" 35°), no fainter stars could 
be found on one than on the other; there is no 
reason for suspecting that this result was due to 
some abnormal condition in either case, and it has 
been conflrmed by photographs which have been 
taken in other areas in the sky." 

In making the counts I have carefully avoided 
the clusters and nebuUe shown on each plate. The 
number of counts made varied front 15 to 50 on 
each print, depending on the richness of star dis* 
tribution. On some prints, in which the stars were 
few in number, counts were made on 600 squares. 

In these counts the number of stars per square 
degree ranged from 5460 in a rich region of the 
Milky Way north of i; and x Cygni down to 245 in 
a spot in the constellation Leo free from Milky Way 
light. Some portions of the Milky Way, such as 
those in Auriga and Monoceroe, are much less rich 
in stars. These parts are fainter than those in 
Cygnus, which have a larger number of stars per 
square degree. This shows clearly that the fainter 
portions of iixe Milky Way owe their faintness to a 
smaller number of stars, and not to greater distance 
&om the earth, as some astrtmomers have errone- 
oosly supposed. 
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The avera^ results I have found are as follows : — 

Milky Way .... 4187 ston per aqnaro degree 

Neai Milky Way , . 1783 , 

No Milky Way ... 408 

Profeaaor E. C. Pickering gives the following esti- 
mates of the areas covered by the Milky Way and 
the non-g^aciic regions : — 

Biob Milky Wsy . . . 10,999 eqnara i^scow 
I^ainter portions . . . 4,618 „ „ 
Ho Milky Way .... 26,641 „ „ 



Hence we have^ 



10,999 X 4137 = 46,609,863 
4,613X1782= 8,220,366 
35,641 X 40S = 10,461,628 



Total . . 64,184.707 

or, in round numberfif about 64 millions. 

The real total may be somewhat greater, ae 
probably some of the fainter stars, visible on the 
plates, are lost in the prints given in Dr. Roberts's 
volumes. 

By the same method I have also counted the 
number of stars in some of the irregular clusters 
shown in Dr. Roberts's photographs. These clusters, 
I find, vary in richness from about 12,000 stars per 
square degree down to 2520, the average of 12 clusters 
being 5752 stars per square degree, or only a little 
more than the richest parts of the MUky Way. The 
globular clusters are, of course, much richer than this. 
Professor and Mrs. Bailey's counts of stars in the 
great globular cluster <a Gentauri give about 25,000 
stars to the square degree. This would give for the 
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whole heavens, if eqaally nch, over 1000 millions 
of stars. But as to Centauri is, of course, unuaitally 
rich in stars, we may conclude with oonfldeuce that 
the actual number of the visible stars is far short 
of 1000 millions. An estimate of 100 millioas is 
probably a maximum. 
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CHAPTER XV 

STELLAR BRIQHTNB8B AND DEN8ITT 

Sbvbral attempts have been made to determine the 
brightness of the sun in terms of the brightest stars. 
This is a matter of no small difficulty, as the sun is 
so enormously brighter than any of the stars, and 
cannot, therefore, be directly compared with them. 
By indirect methods, however, a close approximation 
has been made to the truth, and the best recent 
determinations makes the sun's brightness between 
26 and 27 magnitudes brighter than the zero of 
stellar magnitudes. This zero is fairly represented 
by the brightness of the star a Centauri ; and Vega 
and Arcturus are only slightly below this zero. The 
number — 26"5 may be taken as the mean of the 
best estimates of the sun's brightness. This implies 
that the sun is 40,000 million times brighter than 
a Centauri. Xow, as light varies inversely as the 
square of the distance, it follows that the square 
root of this number, or 20,000, will represent the 
distance to which the sun should be removed in 
order to reduce its brightness to that of a Centauri. 
That is, if the stin were removed to 20,000 times its 
present distance, its light would be reduced to that 
of a star of zero magnitude, like a Centauri. As the 
distance of some of the stars has been determined 
with considerable approach to accuracy, we can 
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compare the total light emitted by them with that 
which the sun emits. Iiet ub consider those stars of 
wliich the distance has been most accurately deter- 
mined, and see how their brightness compares with 
that of the sun. 

For a Centauri the parallax haa been well deter- 
mined, and is about 0*75 of a second of arc. That 
is the angle which the distance between the sun and 
earth would subtend at the distance of the star. 
Placed at the distance indicated by this parallax — 
the largest yet found for any star — the sun would, I 
find, be reduced in brightness to a star of 0*69 magni- 
tude, or a little fainter than the bright atar Proeyon. 
This impUes that a Centauri is about 1'79 times 
brighter than the sun. It is a well-known double 
and binary star, the brighter component being 0'3S 
magnitude, according to the Harvard photometric 
measures, and the fainter 1*61 magnitude. The 
brighter component is therefore only a little brighter 
than the sun would be if placed at the same distance 
from the earth, and as its mass has been shown to be 
equal to the sun's mass, and its spectrum the same, 
we may consider it as about a duplicate of our sun. 
A slight increase in the assumed value of the sun's 
stellar magnitude wonid make them exactly equal in 
light. On the other hand, the fainter component of 
the pair has only 0'4S of the sun's light, and as its 
mass is also equal to the sun's mass, it is either of 
smaller size — that is, more condensed— or has a 
smaller luminosity of surface. Its spectrum agrees 
with this conclusion. 

The bright star Sirius has a parallax of about 
0*37 second. This, combined with its magnitude of 
— 1'58, or 1'5S magnitudes above the 2ero of stellar 
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magnitudes, makes it about S3 times brighter than 
the sun — that is, the light of SirioB is equal to that of 
33 sons. 

The bright star Procyon, with a parallax ot 0*325 
second, is about 6^ times brighter than the sun ; and 
Aldebaran, with a parallax of 0'107 second, has a 
brightness equal to that of 85 suns. Capella seems 
to have the light of about 128 suns, although its 
mass is only about 17 times the sun's mass. As its 
spectrom is almost identical with the solar spectrum, 
we have here an anomaly which has not yet been 
satisfactorily explained. 

If any reliance oan be placed on the small parallax 
found for some of the bright stars, they must be suns 
of enormous size or great brilliancy of surface. Thus 
I find that Arcturus is no leea than 148S times 
brighter than the sun, Antares 787 times, a Gruis 
648 times, Regulus 642 times, Achemar 331, p 
Centauri 227, and a Crucis 166 times. 

Some of the stars are, however, much fainter 
than our sun. For the small star Lalande 21,185 
(magnitude 7*60), Mr. H. N. Russell has recently 
foond a parallax of 0'344 second. This indicates that 
the sun is about 100 times brighter than the star, and 
suggests that this star is a comparatively small body. 
The character of its spectrum has not ,been deter- 
mined, but if we assume that it has the same density 
and surface brilliancy as tihe sun, the above result 
would imply that its diameter is only one-tenth of 
the sun's diameter, or about 86,000 miles — or about 
the diameter of the planet Jupiter. The small star 
known as Cordova Zone V. 248, which has the large 
proper motion of 8'7 second per annum (the largest 
known), has been found to have a parallax of 0'812 
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Becond. This gives a brightness of only 0-004 of the 
son's brightness, and would indicate a still smaller 
body. But in thia case also the spectrum ia unknown. 

The brightness of a star, or its so-called " magni- 
tude," depends on three factors — (1) its distance 
from the earth ; (2) its diameter ; and (3) its intrinsic 
brilliancy, or the actual luminosity of its surface per 
unit of area. The first of these factors — the distance 
from the earth — has in a few cases been determined 
with considerable accuracy, either by micrometrical 
measures of comparison stars, or from spectroscopical 
observations of binary stars. The second factor — 
the diameter of the star — is more difficult to deter- 
mine, and its measurement has not been satisfactorily 
accomplished, except perhaps in some variables of l^e 
Algol type. An approximation to its probable value 
may, however, be arrived at from other considera- 
tions. The third factor — the luminosity of the star's 
surface — may be inferred, to some extent at least, 
from the character of the star's spectrum. This 
luminoeity of surface, or intrinsic brightness ' — as it 
is sometimes called — probably depends on the mass 
and density of the star. Two stars may have the 
same mass — that is, quantity of matter— but one may 
have a large volume and small density, and the 
other a small volume and greater density. The 
difference is probably due to temperature. And 
l^en the question arises, which of the two stars will 
be apparently the brighter? We know that heat 
causes a mass of gas to expand, and the greater the 
heat, the greater the expansion. And with a given 
mass, the greater the expansion, the smaller the 
density will be. This is evident. Hence a star with 

1 TUa term was tued by Sli William Herachel. See p. 163. 
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a high temperature would have a large volume and 
small density. And it seems probable that, the 
higher t^e temperature the greater -will be the 
luminosity of its snrfEU^. From this it would follow 
that a star with a high temperature would have a 
lai^e volume and Ught-giving surface, and also a 
greater luminosity of surface, and both cases would 
thus combine to increase its apparent brilliancy. It 
is probable, however, that this would not apply to 
the nebnlce, but only to bodies, like the stars, which 
have consolidated to a certain extent. 

It is now admitted by many eminent astronomers 
that staiTs with the "Orion type" of spectrum (B, 
Pickering), such as BeUatrix (y Orionis), S, e, and f 
Orionis, are — ^with the possible exception of the 
" Wolf-Rayet stars " — the most luminous among 
the brighter stars. Next to these come stars with 
the Sirian type of spectrum (A, Pickering), followed 
probably in decreasing order of luminosity by stars 
of the second or solar type, and then by the third, 
and perhaps fourth type stars. The " Algol vari- 
able " U Ophiuchi has a spectrum of the " Orion 
type," and some of the other " Algols," such as Algol, 
X Tauri, and V Puppis, show a spectrum intermediate 
between the B and A type. These will be considered 
further on. 

The probably great luminosity of stars with the 
" Orion type " of spectrum is shown by the fact that 
Sir David Oill finds that the parallax of Blgel is 
almost certainly not more than the hundredth of a 
second of arc, and yet it is one of the brightest stars 
in the sky — seventh in order of brightness accord- 
ing to the Harvard photometric measures. At the 
vast distance Indicated by this minute paraUax, our 
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sun would be reduced to a star of about the lOtii 
m^nitude, and would therefore be invisible even 
with a binocular fleld-glaee. Rigel is therefore about 
7800 times brighter than the son would be if removed 
to the same distance from t^e earth. It has a emaU 
companion of the 8th magnitude, but as the pair 
have not yet been proved to be a binary (although 
the companion, which is double, probably is), we 
cannot determine its mafiB. But it is evident that it 
must be a sun of enormous size and great luminosity 
of surface to shine ae brightly as it does at such a 
vast distance from the earth— over 300 years' journey 
for light. Comparing it with Sirius, whose mass and 
distance have been well determined, I find that the 
mass of Rigel is probably about 20,000 times the 
sun's mass. 

The great brilliancy of stars with the Sirian type 
of spectrum is shown by Siriua itself, the distance of 
which has now been satisfactorily determined. From 
its apparent brightness and parallax, I find, as 
already stated, that Sirius is about 38 times 
brighter than the sun woold be at the same distance. 
From the orbit of the satellite. Dr. See finds its mass 
to be 2*36 times the sun's mass, and from this it 
follows that its real brightness is about 18 times 
greater than that of the sun in proportion to its 
mass. Its spectrum shows tiiat it is probably at a 
higher temperature than our sun.' Its volume is 
therefore probably larger, and, as Dr. See says, there 
" is some reason to suppose that Sirius is very much 
expanded, more nearly resembling a nebula than the 
sun." But here the question arises, is its greater 

< Hftla, Hoggins, and Sobnster agree In the opinion that Slriui 
stars are hotter than mIat Bton. 
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brilliancy due to its larger volume, and smaller 
deoBity, or to its greater surface luminosity, or to 
both cases combined? As it ia 33 times brighter 
than the sun, a diameter equal to the squtu^e root of 
33, or 5'74 times the sun's diameter, would give 
the necessary brightness (if the surface luminosity 
of Sirius and the sun were the same). Assuming 
this for a moment, I find that with a diameter of 
5'74 times the sun's diameter — or about 5 millions 
of miles — its volume would be about 189 times greater 
than the sun's voliune, and its density only ^ of 
the sun's density. Now, as the sun's density is 1*40 
(water = 1), we have density of Sirius — on tiie above 
assumption of equal surface luminosity — only 0*017 
that of water. This seems improbable, judging from 
the known case of Algol, which has a much higher 
density than this. We may therefore conclude, I 
think, that the great brilliancy of Sirius ia probably 
due to both causes combined, namely, a somewhat 
larger volume and a greater luminosity of surface 
than the sun. If we assume that its density is the 
same as that of Algol, say 0'34, we have the diameter 
of Sirius about 1,830,000 miles, and its surface 
luminosity about 7 times that of the sun. 

For 8 Equulei, a binary star with the very short 
period of 57 years. Professor Hussey finds from 
spectroscopic observations a parallax of 0*071 second 
and a combined mass of I'8& times the sun's mass. 
He says, " The components of liie pair are slightly 
unequal in brightness, and perhaps also in mass. 
One may be as massive as the sun, but it cannot 
muoh exceed it.'" The parallax found by Hussey 
would, I find, reduce the sun to a star of about 5*81 
' Aslrophysical Journal, Jone, 1908, 
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magnitude, and aa the photometric magnitude of S 
Equulei is 4'6I, we have the star 1'20 magnitudes, or 
S times brighter than the sun. Asauming that the 
massea of the components are I'OO and 0'89 (as sug- 
gested by Hussey), I find ttiat if the density and 
surface luminosity of each were equal to that of 
the sun, the combined light of the two components 
would be l'd247,or nearly twice the son's light. The 
star's spectrum is of the type F, indicating probably 
a somewhat brighter star than ours. This difference 
in the results found above is not inconsistent with 
the parallax found by Eussey. Indeed, it seems 
probable that his result cannot be far from the 
truth. A comparison with Procyon is also, I find, 
confirmatory of Hussey's result. 

For the famous binary star y Virginis, which has 
also a spectrum of the F type, Lewis finds a period 
of 182 years. Numerous orbits have been computed 
for this remarkable pair, but the orbit found by 
Lewis seems to be the best. From meridian observa- 
tions Lewis finds that the components are nearly 
equal in mass, as they are nearly so in light. 
Assuming a parallaz of 0-10 second — whidi seems a 
very probable value—Lewis finds that each com- 
ponent has about nine-tenths of the sun's mass. 
With this parallax the sun would be reduced to a 
star of about the 5th magnitude. The photometric 
magnitude of the star is 2*91. The magnitude of 
each component would therefore be 3*60. From 
these data it follows that the light of y Yirgitus is 
about 7 times the light of tiie sun. If of the 
same surface luminosity and density as the sun, the 
combined light should, I find, be only 1-86 times 
the sun's light, or only a little more than one-fourth 
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of what it actually is. This shows that the surface 
luminosity of 7 Yirginis is considerably greater thaa 
that of the sun. If the components had the same 
surface luminosity as our sun, let us see what [their 
density would be. Elach has 3*5 times the sun's light, 
and the diameter of each would therefore be the 
square root of 3'5, or 1*87 times the sun's diameter; 
and with a mass of 0-9 times the sun's mass, the 
density would be only 0*2 (water = 1). This seems 
improbable, as it is so much less than the sun's 
density (I'l). If each had, say, 1-2 times the sun's 
diameter, we should have a total of (1*2)" X 2 = 2-88, 
as due to the increased surface. This would give a 
factor of about 2*4 for the surface luminosity, and 
the dei^ity would then be about 0*73, which seems 
a probable value. 

In these cases of S £]quulei and y Virginis, we 
see that the factor of surface luminosity is probably 
less than in the case of Sirius, and suggests that 
Sirius is a brighter body, as its spectrum would seem 
to indicate. 

Let us now consider the case of the bright star 
Procyon, which has a spectrum F 5 G, or inter- 
mediate in character between that of 7 Virginis and 
the sun. Its parallax is about 0*826 second, and the 
mass of the sj'Btem is therefore, from Dr. See's orbit 
of the satellite, 3*627 times the sun's mass, that of 
the bright star being about 3 times the mass of 
the sun. At the distance indicated by the parallax 
the sun would, I find, be reduced to a star of 2*51 
magnitude, and as the photometric magnitude of 
Procyon is 0*48, we have the star 2*03 magnitudes, 
or 0'487 times brighter than the sun. As, however, 
the mass of Procyon is 3 times the son's mass. 
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the atar should be — if of the saiue density and 
surface luminosity as the sun — only 2*08 times 
brighter than the sun. Hence it follows that 

Procyon is really a-ftR ' °^ ^'^ times brighter than 
our sun in proportion to its mass. This may be due 
either to a proportionally larger size, and tiierefore 
less density than the sun, or to a greater luminosity 
of surface. Probably both causes combine to pro- 
duce t^e increased brightness, and the result seems 
to agree well with the star's spectrum, which indi- 
cates a slightly more luminous eun than ours. 

The binary star 70 Ophiuchi has a spectrum of 
the second type (K, Pickering), probably indicating 
a fainter sun than ours. An orbit computed by Dr. 
See, combined with a parallax of 0'16 second found 
by Schur, gives a combined mass of 2*64 times the 
mass of the eun. This parallax "would reduce the 
sun to a star of about 1*06 mf^rnitude, and as 
the photometric magnitude of 70 Ophiuchi is 4'07> 
the star is about equal to the sun in brightness. 
But as the mass is 2'9i times greater, the star should 
be — ^if exactly comparable with the sun — about twice 
as bright as it actually is. Hence it would follow 
that the snrface luminosity is less than that of the 
sun, and the spectrum indicates that such is probably 
the case. 

Let us now consider the case of the "Algol 
variables." For Algol itself Yogel found from spec- 
troscopical observations the diameter of the bright 
star to be 1,074,100 miles, with a mass of four-ninths 
of the sun's mass, and for the " dark " companion a 
diameter of 840,600 miles, and a mass of two-ninths 
of the solar mass. This result was obtained on the 
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assumption that both components are of equal 
density — about one-third that of water. But that 
a " dark " body of such large size should have the 
same density as a very bright, body like Algol seems 
highly improbable. The density of the planet 
Jupiter, which has probably some inherent light of 
its own, is about I'SO, and that of Saturn about 0'72, 
We should therefore expect that a large body like 
the companion of Algol would have a considerable 
amount of inherent light or surface luminosity. Let 
us see what brightness it could have without sensibly 
affecting the observed light variation of Algol. That 
is, what is the maximum brightness which the com- 
panion might have without producing a secondary 
miniTniiTn when hidden behind the disc of the bright 
star? Chandler finds for Algol a parallax of 0-07 
second. The sun, if removed to the distance indi- 
cated by this small parallax, would, I find, be reduced 
to the light of a star of 5'84 magnitude, and the 
photometric ma^tude of Algol being 2'31, it would 
be S*53 magnitudes, or nearly 2S times, brighter than 
the sun. Let us assume that the companion has 
this magnitude of 5*84. Then when in the course 
of its orbital revolu 
behind the bright S' 
would be reduced by 
the light of Algol Ti 
0*04 magnitude, or 1 
which would not be 
and could hardly be t 
the most delicate phc 
The spectrum of j 
B 8 A, that of Sirius 
to Sirius in charocte 
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type" (B). Comparing the two stars, and assuming 
the snrface luminosity to be the same, I find a 
parallax of 0*11 second for AlgoL This would reduce 
the sun to a star of 4-84 magnitude, and if we 
suppose the companion to Algol to have this bright- 
ness, then Algol would be over 10 times brighter 
than the companion, and when the latter was hidden 
behind the bright star, the light of Algol would be 
reduced from about 2-81 to 2*41, and even this 
difference could hardly be determined with certainty. 
It is therefore quite possible that the companion to 
Algol may shine as a star of the 5th or 6th magm- 
tude. It is much too close to Algol to be seen with 
the largest telescopes, and even the spectroscope 
would show no trace of its existence.' Observations 
by Flassmann and others seem to show some fluctua- 
tions in the light of Algol during its so-called 
" norznal " period, but to a greater extent than indi- 
cated by the above computations. It would seem 
probable, therefore, that the companion has some 
inherent hght of its own, and is not quite a " dark 
body." Assuming a parallax of 0-07 second, I find 
that the surface luminosity of Algol itself would be 
about 17 times greater than that of the sun. 

In the Algol system the components are se{>arated 
by a distance of over two millions of miles (between 
their aurfcusea), but in some of the " Algol variables " 
the components are supposed to revolve in contact, 
or nearly so. They have also both the components 
bright. Examples of this type of variation are 
/3 Lyne, U Fegasi, Y Puppis, X Carinse, and BB Oen- 
tauri. The characteristics of the light fluctuations 

' Attropkyaical Joti/mal, Uny, 1901. Fapec on i Oiiouis, b; 3. 
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in these cases are, according to Dr. A. W. Roberts,' 
as follows; (1) "contmnoos variation, indicating 
that the component stars are in contact," and (2) 
two maxima and two minima, showing that the 
components are bolii bright bodies. The variation 
of j8 Lyree is well known. It is not usually con- 
sidered as an Algol variable, but it now seems pro- 
bable that it should be included in t^iat type. Myers 
finds that /3 Lyree probably consists of two ellipsoidal 
components revolving nearly La contact, the mass of 
the larger component being 21 times the mass of the 
sun, and tiutt of the smaller 9| times the sun's mass. 
He thinks the mean density of the system " is com- 
parable with atmospheric density ; " that is, that 
they are "in a nebulous condition." If this con- 
clusion is correct, the diameter of the bodies com- 
posing the system of Lyr«e must be enormous. 
Taking the density of atmospheric air as 814 times 
less than water, I find that the larger component 
would have a diameter of about 25 miUions of miles, 
and the smaller about 19 millions. The parallax 
of /3 LyrtB has not been ascertained, but supposing 
it to be about one-hundredth of a second of arc, the 
sun would be reduced to a star of about the 10th 
magnitude. The maximum brightness of jB Lyne is 
about 3*5. It would therefore be — with the assumed 
parallax — 6| magnitudes, or about 400 times brighter 
tlum the sun. From the diameter found above, the 
combined surfaces of the two components would be 
1332 times the sun's surface. Hence the intrinsic 
luminosity of their surface would be less than one- 
third of that of the sun. This agrees with Homer 
Lane's law, by which a gaseous mass gains in beat 
1 MtnUhly Notices, B.A.S., June, 1903. 
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as it conBolidates, and j3 LyrEB is probablj' in a very 
early stage of stellar evolution. If the parallax is 
larger than that assumed above, the surface lumi- 
nosity would be still smaller. 

Ano^er remarkable star is the southern " Algol 
variable" V Puppis (Lacaille S105). Both com- 
ponents are bright bodies. The spectrum of the 
brighter component is, according to Pickering, of 
the " Orion type " B 1 A, and that of the fainter 
B 8 A. The period of tight variation is 1*154 days. 
The spectroscopic observationB show tiiat the relative 
velocity is about S80 miles a second. The combined 
mass of the system is therefore about 70 times the 
sun's mass. As the star is variable, the plane of 
the orbit must necessarily pass through the earth, 
and the accuracy of this result for the mass ia there- 
fore certain. This enormous mass and the star's 
magnitude — about 4'50 — shows that it is probably 
at an enormous distance from the earth. As it lies 
in or aeu- the M Uky Way, it may possibly be one of 
the larger stars of the Galaxy. Dr. A. W. Roberts 
finds that the components " revolve round one 
another in actuaZ contact," The star is thus a very 
remarkable and interesting object. Its mass is very 
large. Its density is probably small, and the intrinsic 
luminosity of its surface very high. Its distance 
from the earth is very great. Its orbital velocity is 
very rajdd, and the variation of light is small and 
very regular. It is, in fact, one of the most remark 
able objects in the heavens. 
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THH SIZB OP STEOiLAR SYSTBMS 

Among the numerous binary or revolviug double 
stars now known to exist in the heavens, there are 
about 50 for which satisfoctory orbits liave been 
computed. That is, the a^yparent dimensions of the 
real orbit are accurately known. Unless, however, 
we can find the star's distance from t^e earth, we 
cannot calculate the real dimensions of the stellar 
system. For some of these binary stars, however, a 
satisfactory " parallax " has been found, and for these 
we can compute the real size of the system. Let us 
consider those binary stars which have the most 
trustworthy parallaxes. 

a Centauii. For this fine binary star — the nearest 
star to the earth — a good orbit has been computed 
by Dr. See. This gives a period of 81*1 yearSi an 
apparent semi-axis major of 17'7 seconds, and an 
eccentricity of 0'528, A satisfactory parallax of 
0-75 second lias been found by Sir David Gill. We 
have thus all the necessary data for computing the 
real dimensions of this interesting system. Calling 
the apparent semi-axis major a, the parallax p, and 
a the real length of the semi-axis major in terms of 
the suu'b mean distance from the earth, taken as 
unity, we have 8 = " = 286, or a little more than 
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the distance of Uranus from the Sun. To find the 
greatest and least distances between the components, 
let the eccentricity = e. Then the maximiun dis- 
tance = s(l + e), and the minimum distance = «(! — e). 
This gives for a Gentauri the maximum distance 
= 36-06, and the minimum distance = 11-14. The 
components were at their minimum distance in the 
year 1875, that is, the minimum distance in the real 
orbit ; the minimum distance in the apparent orbit 
occurred in 1877. The maximum distance in the real 
orbit will take place in the year 1918, but in the 
apparent orbit this occurred in 1897. Calling the 
blighter component A, and the fainter B, the photo- 
metric measures at Harvard Observatory make the 
" magnitude " of A 0-36, and that of B 1-61. Now, 
knowing the distance between the components, and 
the star's distance from the earth, we can easily cal- 
culate the apparent brightness of each component as 
seen from the other. Making the necessary calcula- 
tions, I find that the brightness of B, as seen from A, 
will vary from - 17-8 to - 20-85 magnitudes, and that 
of A, as seen from B, from —19 to —21*63. As the 
sun's stellar magnitude is about — 26'5, it follows that 
the components of a. Centauri, as seen from each other, 
will shine as small suns. It is sometimes stated that 
each component would only appear as a very bright 
star, aa seen from the other. This is to a certain 
extent true, as the mean brightness would be about 
the same as the brightness of the sun as seen from 
Neptune. But still they would be incomparably 
brighter than any of the fixed stars. The light of B, 
as seen from A, would, even at its minimum, be about 
200 times the light of full moonlight on the earth. 
The parallax combined with the period and mean 
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distance between the components gives a combined 
maes of just twice the sun's mass, and as measures 
have shown that the components are practically 
equal in moss, each of them has a mass equal to 
that of our sun. The spectrum of the brighter com- 
ponent is similar to that of the sun (G), and it is 
probably almost a duplicate of our sun. The spectrum 
of the fainter component is K 5 M, or between the 
second and third typee of stellar spectra, and as it 
is 1'25 magnitude, or over 3 times fainter than the 
primary star, its light is much leas in proportion to 
its mass. It is therefore probably in a different 
stage of its evolutionary history, although both 
components are in all probability of the same 
chronological age. 

Sirius. The parallax of this brilliant star — the 
brightest star in the heavens — has also been satis- 
factorily determined by Dr. Grill, who finds 0*37 second, 
or a distance of 8*8 years' journey for light. A new 
orbit for the satellite has recently been computed by 
Dr. Doberck, who finds a period of 49'49 years, wiiii 
a = 7'518 seconds and e = 0-SS71. From these data 
the combined mass of the system is 3'415 times the 
sun's mass, and the mean distance between the com- 
ponents 20'3 times the sun's mean distance from the 
earth. Owing, however, to the Ifirge eccentricity of 
the orbit, this distance will vary from 8'4 to 82-2. 
Taking the brightness of the satellite as lOtb. 
magnitude, I find that its brightness, as seen from 
Sirius, will vary from —11 to —14 magnitude, its 
mean brightness being therefore about the same as 
that of full moonlight on the earth. Sirius seen from 
the satellite will, I find, vary in br^htness from — 23 
to — 25"7, or from ^ of sunlight on earth to | 
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sunlight. Although SiriUB is a much brighter eon 
than ours, its great distance from the satellite will 
reduce its brightness considerably. 

70 Ophiuchi. Dr. See finds a period of 88'4 years, 
with a = 4*55 aeconds and b = O'SOO. A parallax 
of 0-16 aecond was found by Sehur. Witti these 
data the mean distance is 28*4, and the greatest and 
least distances 42-6 and 14-2 respectively. The magni- 
tudes of the components being about 4 and 6, I 
find that B, seen from A, would vary in brightness 
from - 16'4 to - 18'8 magnitude ; and A, seen from B, 
from — 18'4 to — 20'8. The mass of the system, from 
the above data, would be nearly 8 times the mass of 
the son. The spectrum ia K, and the intrinsic lumi- 
nosity seems to be small in proportion to the mass. 

fi Equulei. Period 5"7 years, a = 0'28 second, and 
e = 046 (Hussey). From spectroscopic measures 
Hussey finds a parallax of 0*071 second. Prom these 
data the mean distance between the components is 
4 times the sun's mean distance from the earth, 
the distance varying from 2*16 to 5*84. Taking the 
magnitudes as 5 and 5*5, 1 find that the brightness of 
B, as seen from A, would vary from — 23'0 to -25*1, 
and that of A, seen from B, from -28*5 to -25-6. 
Each component would therefore appear as a small 
sun as seen from the other. The sun placed at the 
distance indicated by the above parallax would shine 
as a star of about 5'8 magnitude, the combined light 
of the components of S Equulei being 4"61. Hussey 
finds the mass of the system to be 1'89 times the 
sun's mass. The spectrum is F, and the intrinsic 
luminosity somewhat higher than that of our sim. 
The star is also a spectroscopic binary, so it is really 
a triple star. 
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y VirginiB. Belopolsky found by the spectro- 
scopic method a parallax of 0*051 second. Dr. See 
finds a period of 104 years, with a = 3'09 seconds 
and e = 0*807. This would make the mean distance 
between the components 78 times the sun's mean 
distance from the earth, but owing to the great 
eccentricity of the orbit, the distance varies from 8 to 
148. The components are nearly equal in brightness. 
Taking the magnitude of each at 8'65, 1 find that the 
brightness of each component as seen from the other 
will vary from — 18'53 to — 24'85, or over 6 magni- 
tudes. The mass of the system, according to 
Belopolsky, is 15 times the sun's mass. The spectrum 
is F, and the intrinsic brightness considerably 
greater than that of our sun. 

With reference to the " spectroscopic binaries," 
most of them seem to be constructed on a much 
smaller scale than the visual binaiy systems. As 
the spectroscopic measures give the actual orbital 
velocities in miles, the real dimensions of the system 
can be calculated, although their distance from the 
earth remains unknown. Some of these remarkable 
systems are comparatively quite smalL Thus in 
p Aurigte the distance between the components 
is about 8 millions of miles. In the variable star 
Algol the distance between the components from 
centre to centre is about 3^ millions of miles, and 
in C Geminorum the mean distance is only a little 
over one million of miles. But in other cases the 
distance is greater, and probably there are stellar 
systems of all dimensions from a few hundred 
thousand miles to many millions. 
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CHAPTER XVII 

THE BATBLLITH OF STRIUB 

Thb brilliant star Siiiua — the brightest in the heavens 
— ^has a ttaat companion of about the XOth magni- 
tude, that is, so faint that it would be quite invisible 
in a binocular field-glass even if it ahone alone on a 
dark sky. But placed as it is, close to a briUiant star 
like Sirius, it requires a large telescope to see it at 
all. Since its discovery by Alvan Clark — the faJQOUs 
American optician — in 1862, it has been carefully 
observed and measured, and the numerous measures 
of po3if3on now accumulated show that it is re- 
volving round the bright star in a period of about 
50 years. From its orbit, and the distance of 
Sirius from the earth found by Sir David Gill, it 
has been computed that, faint as it is, the satellite 
has a mass equal to that of our sun. I find that if 
the sun were placed at the distance of Sirius, its 
light would be reduced to that of a star only a little 
below the 2nd magnitude. In other words, the 
sun is about 7^ magnitudes brighter than the small 
star. This means that the light emitted by the son 
is a thousand times that emitted by the faint com- 
panion of Sirius. This fact is so anomalous that it 
seems to deserve more consideration than it has 
hitherto received. 

The faintness of this small star must be due 
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either to ita small size — that is, small volume — or to its 
small luminosity of aui^ace. I will proceed to show 
that a small volume is inadmissible, and ttiat a small 
luminosity of surface is the only tenable hypothesis. 
I have shown elsewhere that the satellite of Sirius 
could not possibly shine merely by light reflected 
from the bright star.' For in that case it would be 
absolutely invisible in the largest telescopes hitherto 
constructed. 

If its faintness were merely due to its small size, 
its surface luminosity being equal to that of our 
sun, the sun's diameter should be the square root 
of 1000, or 81| times the diameter of the faint star, 
in order to produce the observed difference of Kght. 
But on this hypo^esis the sun would have a volume 
31,500 times the volume of the star, and, as the 
density of a body is inversely proportional to its 
volume, we should have the density of the Sirian 
satellite over 44,000 times that of water (the sun's 
density being 1*4). This is, of course, entirely out of 
the question, and the result shows at once that the 
luminosity of the satellite's surface cannot possibly 
be comparable with that of the sun. Its surface 
must be enormously less luminous than the sun's 
surface. 

Let Ds consider what luminosity of surface the 
satellite could have consistently with ita having a 
comparatively low density. As it shines by inherent 
light, it must be very hot, and hence its density 
cannot be very high. K the earth were intensely 
heated so as to become self-luminous, it would ex- 
pand in volume, and therefore diminish in density. 
Suppose it expanded to twice its present diameter, 
> " Studies In ABtronomy," p. 113. 
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then it8 volume would be increased 8 times, and 
its density would dimmish from 5'58 — its present 
value — to 0*69, or al>out the density of the planet 
Saturn, If we assimie that the satellite of Sirius 
has a surface luminosity of, say, O'Ol of the sun's 
luminosity — or about the same as that of the binary 
companion of 40 (oj) Eridani — we have surface of sun 
10 times the surface of the star. In this case the 
sun would have 31'6S times the volume, and the 
density of the star would be 44*28 (water = 1), a 
value which also seems inadmissible, as there is no 
known substance with nearly so high a density. 
Further, if it could possibly have so high a density, 
it would certainly be a dark body, and not self- 
luminous. Assuming a Imninosity of 0-002 of the 
sun's luminosity, the density would be S'96, which 
seems an improbably high value for a self -luminous 
body. 

If we assume a luminosity of O'OOIS, the density 
of the satellite becomes 2*57, a value which seems to 
be still too high. A luminosity of 0*001 would of 
course make the satellite of the same volume and 
density as the sun, but if it had the same density 
aa the sun, there seems to be no reason why its 
luminosity should be so small. 

We may therefore conclude, I think, with great 
probability! and almost certainty, that the lumi- 
nosity of the Siriaa satellite does not exceed 0*0015 
of that of the sun. But even this small luminosity ' 
would give a considerable amount of light. As- 
suming that sunlight is about 600,000 times moon- 
light, we have the luminosity of the satellite equal 
to 000 times ih&t of the moon's surface. This is, 
however, very small for a body shining by inherent 
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light, and suggests that the satellite has cooled down 
considerably, and that it is probably far adranced 
on the road to the total extinction of its light. It 
is unfortunate that its spectmm cannot be observed, 
as it should be a most interesting one. But perhaps 
this may be possible in the future with a gigantic 
reflecting telescope. It is, of course, possible that the 
eateUite may be a large globe of very low density 
and small luminosity, like the gaseous nebulse. In 
that case we should expect to find a spectrum of the 
nebular type, that is, one with bright lines on a dark 
ground. But it is said to have a reddish colour, 
which points rather to its being a cooled-down sun, 
in which case it would probably show a banded 
spectrum of the third or fourth type. Prom these 
considerations it seems that the satellite must have 
either a comparatively high density or els© a low 
one, and its spectrum would probably decide the 
question. 

In the case of the companion to Procyon, which is 
a fainter star, and has a smaller mass than the Sirian 
satellite, Mr. Lewis noted in March and April, 1898, 
_that "the appearance of the companion to Procyon 
was not so like a star as that of Sirius, and that 
while the wire of the micrometer totally eclipsed 
the companion of Sirius, the companion of Procyon 
was seen on both sides of the wire." ' This is very 
suggestive, and seems to show that the faint satellite 
. of Procyon is probably a small gaseous nebula. Its 
colour is said to be " purplish," which perhaps points 
to the same conclusion. 

> MonOdy NoUoe*. B.A.S., April, 1S98. 
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CHAPTER XVni 

"HOLES IN THE HBAVBNS" 

" Bad patet iniTiii»..ii et vasto teapeotat biata." ' 

The Milky Way is not of imif orm brightness. There 
are many dark spots in it which seem to be openings 
or holes through that wonderful zone of stars. These 
dark spots, or " coal sacks," as they are also called, 
seem to have been first noticed by Pinzon in 1490. 
These were also described by Lacaille in 1763, and 
Sir John Herschel mentions several of these curious 
spots in his " Gape Observations." 

The most remarkable of these spots is the well- 
known " coal sack " near the Southern Cross. It is 
of a roughly oval or " pear-shaped " form, about 8° 
in length by 5° in width, and forms a conspicuous 
object in the sky of the southern hemisphere. It is 
completely surrounded by the nebulous light of the 
Milky Way, which is here rather bright. The bright 
stars a and /3 Crucis — the brightest stars of the 
Southern Gross — nearly touch its north-western • 
border, and the star $ Muscee lies close to its south- 
eastern edge. It contains only one small star visible 
to the naked eye within it« boundaries. With refer- 
ence to its northern border, Sir John Herschel says, 
" The transition from rich Milky Way to almost com- 
plete darkness is here very sudden." It is, however, 
' Lucrelios, " De Benim Natan," t. STS. 
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by no means devoid of faint stars. On a photograph 
taken by Mr. H. C. Russell at the Sydney Observatory 
in 1891, numerous small stars are visible, but there 
are several spots which seem to be completely void 
of stars and absolutely black. One of these re- 
markable holes is near /3 Crucis, and another near 
a Crueia. 

There are other remarkable " coal sacks " in the 
Milky Way. A long, narrow dark spot runs from 
a Centauri for several degrees towards the north- 
east. There are several in Scorpio ; one of larger size 
between ^ and f Cygni, and one south of a CygnL 

Examined with a telescope, the Milky Way shows 
many examples of small "coal sacks," and some 
may be seen on very clear nights with even a good 
binooular field-glass. One night, when Sir William 
Herschel was examining a part of the Milky Way 
closely east of the globular cluster 80 Messier, which 
lies between v and <r Scorpii, he suddenly exclaimed 
to his sister, the famous Caroline Herschel, "Hier 
ist wahrhaftag ein Loch im Himmel " (" Here, truly, 
is a hole in the heavens"). It was an absolutely 
black spot about 4° in width, perfectly free from 
any stars, and especially remarkable owing to its 
proximity to one of the richest globular clusters in 
the heavens. 

Closely south of Herschel'a dark " hole " just 
mentioned. Professor Barnard has photographed a 
great nebulous surrounding the stars p Ophiuchi 
and 22 Scorpii.^ This photograph shows several 
dark lanes in what seems to be at least a com- 
paratively thin sheet of stars, and this distinguished 

> The riogi loond the brightei stars in the photograph ora dne 
to a photographic effect, and do not exist In the eky. 
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astronomer thinks "it is certain that these stars 
are at the same distance as the nebula, for they form 
part of it." Witii reference to the Milky Way lq 
general, he thinks that the stars composing it are 
"comparatively very small bodies, and that they 
consequently cUfFer vastly, in point of size at least, 
from the ordinary stars of the sky." If this be so — 
and the evidence seems to point in this direction — it 
would follow that their distance from the earth may 
not be so great as their faintness would lead us to 
imagine. In his "Oape Observations " Sir John Her- 
Bchel gives a list of 40 spots in the southern hemi- 
sphere " totally devoid of any perceptible star." But 
probably photography will reveal some faint ones. 

Close to the star 6 Ophiuchi is a " dark chasm 
which passes south and west of that star," and there 
are other dark spots or holes in the vicinity clearly 
visible on a photograph taken by Professor Barnard 
at the Lick Observatory. Another sm^l black spot 
was observed by Barnard a little north-west of the 
star 7 Sagittarii. This seems to have been previously 
seen by Trouvelot, who says, " C'est comme un sac k 
charbon en miniature, ou une ouverture de Voie 
lact^ h travers laquelle la vne p^n6tre an dela de 
ce grand assemblage d'^toUes.' 

A little south-east of a Cephei, a photograph by 
Barnard shows a ring of nebulous Ught with a com- 
paratively dark interior, at least the stratum of 
stars filling the ring seems pierced by several holes. 

The " key-hole " opening in the great nebula 
surrounding the variable star ij Argfis is a remark- 
able feature of that wonderful nebula. A little 
south of this hole there is a "kidney bean" shaped 
opening shown on Sir John Herscbel's drawing in 
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the " Cape Observations," This openiag is visible on 
a photograpb taken by Sir David Gill in March, 1802. 
The photograph confirms the accuracy of the draw- 
ing, and shows that the opening is in all probability 
a real hole through the surrounding nebulous matter. 

In the region round the star 12 Monocerotis there 
is a remarkable nebula of irregular shape, somewhat 
resembling in its general character the great nebula 
in the " sword " of Orion. Dr. Roberta, describing a 
photograph he took of this nebula, says, "Some re- 
markable tortuous rifts meander through the nebu- 
losity on the north preceding half of the nebula ; 
their margins are sliarp and well defined in the midst 
of dense nebiilosity. They are as clearly cut as we 
see the canons of great rivers, but their width may 
be millions of miles, for we have no reason to assume 
that the nebula is nearer to the earth than the stars. 
It is indeed possible that the stars which dot the 
surface are nearer to us than the nebula." ' 

About 8° north-west of the star $ Canis Majoris 
is another nebula of irregular form. Dr. Roberts 
says that the star D.M. 1848 " is on the margin 
of a dark sinuous vacancy or rift in the nebula, 
through which we see into the starless vacancy 
of space beyond it." This opening closely resembles 
the "key-hole" opening in the great nebula in 
Argo. Dr. Roberts adds, " These vacancies are most 
conspicuously seen where the surrounding nebu- 
losity is dense, though they are also visible in some 
parts where it is relatively faint. The marguis of 
the vacancies are often sharply defined and sug- 
gestive of the idea that in consequence of some 
internal strain, operating from opposite directions, 
> EnotcUdge, 1mm 1, 1899. 
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the nebula was rent asunder, and the parts separated 
from each other." ' 

In another nebula in Monoceros, photographed by 
Dr. Roberts, a little west of the triple star 15 Mono- 
cerotis, there is a remarkable Tacuity or hole. Dr. 
Roberts calls it " a dark tortuous rift," and says the 
rifts prove that the nebulce are not globular, but ore 
like clouds with relatively small depths, and that we 
can see through them into the darkness of space 
beyond." There are also very noticeable areas 
devoid of stars in the region surrounding this nebula. 

A cluster of small stars in Gygnus (N.G.C. 6819) 
waa described by Lord Bosse as " full of holes," and 
another (N.G.C. 2518) as containing " dark lines and 
openings." 

On July 12, 1891, Dr. Max Wolf, of the Astro- 
physical Observatory of Heidelberg, discovered three 
dark markings close together in the Milky Way, 
about 1^° west of the star y Aquilte. He calls them 
"the triple caves," and on his photographs they 
certainly present a very remarkable appearance. 
Closely east of the same star a photograph taken 
by Professor Barnard shows some curiously shaped 
dark markings, which seem to be openings through 
the stratum of stars composing the Milky Way in 
this region. 

On a photograph by Max Wolf of the region near 
f Cygni there is a remarkable blade hole, and some 
smaller ones. 

The question naturally suggests itself, what is 
the real nature of these curious black spots P Some 
astronomerB have suggested that they are due to 
of cooled-down, or partially cooled-down, 
' KnoaUdge, November 1, 1899. 
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matter which absorb the light of the stars behind 
them. The term " hole," which I have used in the 
present chapter, implies that my own view ia 
that they are really holes or openings through 
regions of stars or nebulous matter, and in this view 
of the matter I am supported by the opinion of 
several astronomers, as some of the extracts quoted 
above will show. Photographs of the great " coal 
sack" near the Southern Cross prove conclusively, I 
think, that the darkness of this remarkable spot is 
due to a real paucity of stars compared with the 
richness of the surrounding regions, and probably 
the same thing is true of all the other dark spots 
in tixe Milky Way. We have really no evidence of 
the existence of dark bodies in space. Professor 
Newcomb thinks that there is probably little or no 
extinction due to dark bodies, and he says, "We 
may say with certainty that dark bodies are not so 
numerous as to cut off any important part of the 
light from the stars of the Milky Way, because if 
they did, the latter would not be so clearly seen aa 
it is. Since we have reason to believe that the Milky 
Way comprises the more distant stars of our 
system, we may feel fairly confident that not much 
light can be cut off by dark bodies from the most 
distant regions to which our telescopes can pene- 
trate. Up to this distance we see the stars just as 
they are." ' The companions of some of the Algol 
variables are usually spoken of as "dark bodies," 
but I have shown elsewhere that we have no reason 
to think that they are reaUy dark. The companion 
of Algol, for example, may be a star of the 5th 
magnitude, and yet be quite invisible to us, as neither 
' Harpw'a Magatine, October, 1901. 
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telescope nor Bpectroscope would show any trace of 
its existence. The little evidence we have tends to 
show that the satellite of Algol is not a dark body. 
The idea of " dark bodies " seems to have been based 
on the existence of this eclipsing satellite ; but it 
has been recently found that a difference of bright* 
neas of two magnitudes between the components of 
a spectroscopic binary would be quite sufQcient to 
obliterate the spectrum of the fainter star. Dark 
bodies may exist in space, and probably do, but as 
yet we have no positive evidence of their existence. 
The "holes in the heavens" are, I think, real, and 
"dark" companions of Algol variables have pro- 
bably no existence except in the imagination of some 
astronomical writers. 

It has been stated by several writers iAi&t the 
existence of these " holes " indicates that the Milky 
Way has, in these parts, a small extension in the 
line of sight, or, in other words, that it forms a com- 
paratively tiiin stratum of stars. Sir John Herschel 
says, " Where we see, as in the coal sack, a sharply 
defined oval space free from stars, insulated in the 
midst of a uniform band of not much more than 
twice its breadth, it would seem much less probable 
tliat a conical or tubular hollow traverses the whole 
of a starry stratum, continuously extended from the 
eye outwards, than that a distant mass of compara- 
tively moderate thickness should he simply perfor- 
ated from side to side, or that an oval vacuity should 
be seen foreshortened in a distant foreshortened 
area, not really exceeding two or three times its 
own breadth," ^ This conclusion, which seems to 
me correct, is challenged by Professor Seeliger, who 
! " OntlineH of Astronomy," 10th edition, p. 671. 
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Bbows that, a<!cording to t^ Law of Probability, 
" the occurrence in the Milky "Way of dark placea in 
the midst of stellar accumulations is indeed very 
improbable, but in every case tJie probability remains 
just as alight if we convpresa the same number of 
stars into a smaller space, if this covers the same 
portions of the heavens as before." ' But, if I 
understand Sir John Eerschel's remark correctly, 
he intended to imply that " in the thick and thin 
poiidons of the Milky Way zone the stars are sup- 
posed to be unifoTTniy ddatrP>uted " ' in both cases ; 
and it seems evident — on this assumption— that the 
occurrence of dark spots in the Galaxy would be 
more probable where the Milky Way has a small 
extension in the line of eight than in other places 
where the thickness may be considerably greater. 

The cause of these " holes " must, I think, be 
looked for in the influence of some " clusterisg 
power" — as Sir William Herschel termed It — which 
tends to draw the stars away from certain parts 
and accumulate them in others. The existence of 
globular and other clusters close to dark and com- 
paratively starless spots seems very suggestive in 
this connection. If these dark spots were due to 
intervening dark bodies, we should expect to find 
them scattered indifferently in rich and poor regions 
of the Milky Way, and there seems to be no reason 
why they should be so often associated with rich 
regions of the Galaxy. 

' Aatrophyiioal Journal, voL 12 (1900), p. 877. The italioe are 
Seeliget'B. 

■ That ia, the Bttme nunxbef ot stan per unit of space volume. 
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CHAPTER XTX 

THE HAGBLLANIC CLOUDS 

The Magellanic clouds are two spots of nebulous 
light of roughly circular form in the southern 
hemisphere, somewhat resembling in appearance 
portions of the Milky Way, bnt quite onconnected 
with the Galaxy. They seem to have been first 
described by the famous navigator Magellan, about 
the year 1520, and hence their name. But the larger 
of the two was also mentioned by Anghiera in 
1515, and by Corsali in a work published in Venice 
in 1563. They are included by Schiller (1627) in 
a list of stars in the southern hemisphere. Accord- 
ing to Houzeau, Magellan's attention was directed 
to these celestial "clouds" by the Indians of South 
America. The natives of Patagonia thought that 
these luminous spots were composed of the lightest 
feathers of the ostriches killed in the chase by their 
ancestors.* Houzeau also states — on the authority 
of Ideler — that the larger cloud was seen by the 
Persian astronomer Al-Sufl in the tenth century 
from the south of Arabia and the Red Sea. But 
this seems doubtful, at least I can find no mention 
of it in Al-Sufl's " Description of the Fixed Stars." 
It could not possiUy have been seen by hitn from 
' Priohord, " Phydoal History of Uankind," third edition, vol. 
V. p. 190, quoted b; Houzaan. 
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his station in Persia (Schiraz), as it was below the 
horizon of the place. These liuainouB spots were 
called by the Portuguese the " clouds of Magellan," 
and by the Dutch the " clouds of the Cape." They 
were also called "sacks of coal" by the early 
navigators, but the term " coal sack " is now usually 
applied to the dark spots or openings visible in 
various parts of the Milky Way. 

The Magellanic clouds are also called nubecula;, 
the larger cloud being known as the mibecula major, 
and the smaller the mtbecnda vmnar. According to 
Houzean the smaller cloud is not very noticeable 
to the naked eye, and its brightness scarcely reaches 
that of a 0th nrngnitude star. The lar^^er doud is 
much brighter, and about equal in brightness to 
that of a star of 5-6 magnitude. The larger cloud 
lies partly in the constellation Dorado and partly 
in Mensa. It extends from about RA. 4'' 40" to RjL 
6" O"*, and lies between 66° and 72° south declination. 
The smaller clond lies partly in Toucan and partly 
in Hydrus. It is much smaller in size, and its limits 
are about ILA. 0'' 28"° and l" 15", and 72° to 75° south 
declination. 

The m^teoulre were carefully examined by Sir 
John Herscbel during his residence at the Cape of 
Good Hope in the years 1884 to 1838, and he gives 
an account of his observa^ns in his interesting 
and valuable volume usually known aa the " Cape 
Observations," He determined the position of dl9 
stars, nebulse, and clusters in the nubecula major, 
and 244 objects in the nubecula mi?ior. He describes 
the larger cloud as consisting " partly of lai^e tracts 
and ill-defined patches of irresolvable nebula and 
nebulosity in every stage of resolution up to 
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perfectly resolved stars like the Milky Way, as also 
of regular and irregular nebulffi properly so called, 
of globular clusters in every stage of resolvability, 
and of clustering groups sufficiently insulated and 
condensed to come under the designation of ' clusters 
of stars' in the sense of which that expression is 
always to be onderstood in reading my father's or 
my own catalogues." It covers an area of about 
42 square degrees, and contains about 278 clusterB 
and nebulsQ. It is thus very rich in these objects, 
and Sir John Herschel says, " Even the moat crowded 
parte of t he stratum of Virgo, in the wing of that 
constellatio n, or in Coma BereniceSj^ offer nothing 
aproaching to it^ It is evident from this, and from 
tdie intermixture of stars and imresolved nebulosity, 
which probably might be resolved with a higlier 
optical power, that the nubeculse are to be regarded 
as systems aui generis, and which have no analogues 
in our hemisphere." One of the nebulse contained 
in this extraordinary collection of objecte. Sir John 
Herschel describes as " very bright ; very large ; 
oval; very gradually pretty much brighter in the 
middle j a beautiful nebula ; it has very much 
resemblance [to the nubeciUa major Itself as seen 
with the naked eye, but it is far brighter and more 
impressive in its general aspect as if the nubecula 
were at least doubled in intensity," and he adds, 
" And who can say whether in this object, magnified 
and analyzed by telescopes infinitely superior to 
what we now possess, there may not exist all the 
complexity of detail that the nubecula itself presents 
to our examination?" 

Among many other remarkable objects contained 
in the nubeouZa major, we may mention the great 
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X0T> "looped nebala" 30 CBode) Doradus. of which Sir 

(,'^'■'51 John Herschel gives a beautiful drawing. He de- 

acribes it as " one of the most singular and extra- 
ordinary objecte which the heavens present." Near 
the centre of this nebula is a star of the 9th magni- 
tude, forming with some fainter stars a small cluster. 
Immediately south of this ia a pear-shaped opening, 
somewhat similar to the "key-hole" perforation in 
the great nebula round 17 Argus, but of propor- 
Mooately larger dimensions. North of the central 
star there is a bright nebulous ray like the tail of 
a comet. Near this is a round hole, and a little 
further north three plumes like branches diverge 
from a oonunon nebulous stem. The fainter portions 
of the surrounding nebulosity seem to be also 
pierced by similar "coal sacks," features which 
appear to be characteristic of these irregular-shai)ed 
nebtilse. Many faint stars are scattered over this 
nebula, and Sir John Herschel gives a catalogue of 
these ranging in brightness from the 10th to the 
17th magnitude. He found the nebulosity to be 
quite irresolvable into stars, and it is probably 
gaseous. It covers an area of about one-fifth of a 
square degree, or about the area of the full moon. 
Near it are two large and rich clusters. There 
are many other remarkable nebulte and groups of 
nebulfe in the nubeotUa Tnajor. Sir John Herschel 
found the zone south of the nubecula " dark and 



The smaller cloud, or nubecula minor, is only 
about one-fourth the apparent size of the other, 
and covers an area of about 10 square degrees. It 
ia not connected in any way with the larger cloud, 
or the Milky Way. To the naked eye it is of apparent 



Di^ilizDdbyGoOgle 



THE MAGELLANIC CLOUDS 261 

imiform brightness. The surrounding regions are 
remarkably free from stars. Sir John Herschel says, 
"The access to the Nubecula Minor on all sides ia 
througli a deaert ." Examined with hia large reflect- 
ing telescope, he found it to be "a fine, rich, large 
cluster of very small stars, 12 ... 18 magnitude, 
which Slla more than many fields, and is broken 
into many knots, groups, and straggling branches, 
but the whole (i.c. the whole of the clustering part) 
is clearly resolved." In addition to the stars, there 
are uiunbers of nebulie and clusters. 

Closely preceding (that is, west of) the smaller 
cloud is the magniflcent globular cluster known as 
47 Toucani. It was discovered by Lacaille in 1752. 
He described it as " a nebula without stars ; it re- 
sembles the nucleus of a small comet, and is visible 
with a telescope of 2 feet in length." It ia visible to 
the naked eye as a star of about 4^ magnitude. 
Sir John Herschel says "it is conypletely insulated" 
— that is, although so close to the nubecula, it has 
apparently no connection with it. It has a more 
condensed central portion, which Sir John Herschel 
saw, of a " pale pinkish or rose colour . . . which 
contrasts evidently with the white light of the rest." 
He estimated its diameter at 15 to 20 minutes of arc, 
with the stars nearly equal, and of 12th to 14th 
magnitude. On a photograph of this cluster taken 
by the Harvard observers at Arequipa, Peru, over 
2000 stars were counted within 11 minutes of arc 
of the centre of the cluster. Six variable stars 
have been detected in this cluster at tiie Harvard 
Observatory. 

The Magellanic clouds have been photographed, 
by Mr. H. C. Bussell at the Sydney Observatory, and 
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also by the Harvard observers at Arequix>a. These 
photographs show that the larger cloud is probably 
a vast spiral structure, and Professor Pickering thinks 
that the nebula 30 Doradua, described above, forms 
the nucleus of the spiral. Mr. Russell calls it " the 
grandest spiral structure in the heavens." The nube- 
euia minor also seems to be spiral in structure, but 
this is not so clearly marked as in the larger cloud. 
Photographs of the larger cloud taken at Harvard 
show about 300,000 stars. 

No less than 152 variable stars have been dis- 
covered in the larger cloud at Harvard on photo- 
graphic plates taken with the 24-inch Bruce telescox>e 
at Arequipa. The variation of nearly all these is 
rapid, and about half of them occur in groups. This 
grouping of variable stars seems to be a characteriatic 
of these curious objects. I have pointed out this 
peculiarity elsewhere. The new variables are faint, 
and the amount of light variation usually small. 
Some of them, however, show larger fluctuations of 
brightness. A few have a variation of about two 
magnitudes, and one of about four magnitudes (1 li^ to 
15^). The period of this variable is probably long. 
In one curious case near the centre of the " cloud " 
there are two stars of about the 15th magnitude 
which seem to be alternately variable, " one is always 
bright when the other is faint. Period probably 
short." ' In the smaller cloud no less than 910 vari- 
able stars have been detected at Harvard. Professor 
Pickering says, " It is estimated that the number of 
stars photographed in the small Magellanic cloud is 
about 280,000, of which 910, or one in 308, is variable. 
... It is very difBcult to count the faint stars which 
' Harvara College, Observatory Circular, No. 82. 
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crowd the background, on account of their close- 
ness to one another, and the number is certainly 
undereBtimated." ' 

It was pointed out by Sir John Herschel that the 
real form of the Magellanic clouds is, in all proba- 
bility, roughly globular. For otherwise we should 
be obUged to consider tiheni as cylindrical, with their 
axes pointing directly towards the earth. This might 
be possible in one case, but that two such objects 
should exist is utterly improbable. Admitting that 
they are of a spherical form, we have the curious fact 
that within a comparatively limited space there exist 
stars, clusters, and nebulEe, apparently mixed up, and 
not differing much in their distance from the earth. 
If we take the apparent diuneter of the larger cloud 
aa 7°, we have its real diameter about one-eighth 
of its distance from the earth, whatever that may 
be. This vrould make the distance of the nearest 
and farthest parts of the " cloud" in the proportion 
of 15 to 17. 

As to the real dimensions of these wonderful 
objects it is not easy to form even an approximate 
estimate. So far as I know, no parallax has yet 
been found for any object contained in the "clouds." 
Assuming a parallax of one-thousandth of a second of 
arc for the larger cloud, its distance would be about 
200 million times the sun's distance from the earth. 
This would make its real diameter about 25 million 
times the sun's distance, or about 45 times the distance 
of Sirius from the earth. This is, of course, an enor- 
mous diameter, but not improbably so when we con- 
sider the iM-ge number of different objects contained 
in the cloud. The sun, if removed to the distance 
■ A$lrotiomische Nachrichtm, No. *0a2. 
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found above, would be reduced to a star of about 
the 15th magnitude. The majority of the stars in 
the cloud are x>erhaps brighter than this, and as we 
can hardly suppose that most of them are larger than 
the sun, we may perhaps conclude that its distance 
is not greater than supposed above — a sufficiently vast 
distance, however, considering that it implies a light 
journey of over 3000 years ! 

Taking the apparent diameter of the lai^e cloud 
at 7°, and the number of stars it contains as 300,000, 
I find that the average distance between the com- 
ponent stars would be about 9j" light years," or more 
than the distance of Sirius from the earth. For the 
smaller cloud I find an average distance of about five 
years, or a little more than the distance between a 
Centauri and the earth. 

The association of such diverse objects as stars, 
clusters, and gaseous nebula in the Magellanic clouds 
shows that all these objects can coexist in a com- 
paratively limited space, and renders it highly pro- 
bable that all the visible objects iu the heavens 
belong to one and the same sidereal system, and 
that none of the nebulae can be considered as 
"external galaxies." If such "island universes" 
exist in space, they are probably quite invisible 
from the earth, and may perhaps he at such a vast 
distance that no telescope which could ever be con- 
structed by man would be sufficiently powerful to 
i-eveal their existence. Sir John Herschel suggested 
in a letter to Proctor ^ that our stellar system " may 
contain within itself miniatures of itself," and the 
Magellanic clouds are probably examples of this 
relation on a large scale. 

■ Knowledge, Bovembei, 1886, p. SI. 
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The star A.G.C. 6880 ia the lat^ cloud was found 
at Harvard to have the large proper motion of I'28 
second per annum. As a large proper motiou usually 
indicates comparative proximity to the earth, this 
star may possibly lie between us and the cloud. 
During an examination of photographs of the smaller 
cloud for variable stars, a star of about the 13th 
magnitude was found at Harvard to have the com- 
paratively large motion of 0'78 second per annum. 
Professor lackering says, " No such motion has here- 
tofore been detected in so faint a star." This large 
motion may indicate that this small star is much 
nearer to the earth than the cloud. Its position for 
1900 is RJl. 1* 6" 1', Dec. S 72° 45-5'. 
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CHAPTER XX 

THB RINOBD PLAMBT 

" Bedennt Batumia cegna." ■ 

Saturn, the ringed planet, is the most interesting 
and wonderful member of the solar sy^stem. Next 
to Jupiter, it is the largest of all the planets, and its 
rings render it quite an unique object. Its mean 
distance from the sim is about 886 millions of miles, 
and it revolves round the central luminary in a 
period of 10,759 days, or 29 years 187 days. The 
eccentricity of the orbit is 0'0560718, and its inclina- 
tion to the ecliptic 2° 29' 40". According to miero- 
metrieal measures made by Professor Barnard with 
the great Lick telescope of 86 inches' aperture, the 
equatorial diameter of the planet is 76,470 miles, and 
the polar diameter 69,770 miles. It is therefore con- 
siderably flattened at the poles, and this polar com- 
pression is very noticeable in a good telescope. The 
mass of Saturn is about 5^ of the sun's mass. In 
volume it is over 700 times that of the earth, but in 
density it is very hght, about 0'7 that of water. Its 
period of rotation on its axis is, according to Professor 
Asaph Hall, 10^ 14" 24'. This is for the equator, but 
the " north temperature zone " of the planet seems 
to have a slower rotation, for Denning finds lO* SS"", 
' Virgit, Bcloguea, iv. 6. 
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and Comas Sola 10* 88-4'". A bright spot in the 
northern hemisphere of the planet observed by- 
Barnard in 1903 gave a period of 10^ 39". A similar 
difference h^ been observed on Jupiter, but not to 
so great an extent. The light reflecting power of its 
surface, or " albedo," as It is termed. La about 0*50 {a 
perfect reflection = 1), but MllUer finds 0'72. Like 
Jupiter, it is probably in a very heated condition, 
but possibly its surface temperature is not so high as 
to produce any inherent light of its own. Its surface 
does not seem to be so disturbed as that of Jupiter. 
It does not show such well-marked belts and spots 
and other markings as make the " giant planet " such 
an interesting object in the telescope. " Belts " are 
fairly visible in good telescopes, but, according to 
Denning, well-deflned irregular markings are rare on 
the disc of Saturn. Professor Asaph Hall saw a 
marking of this kind Id December, 1877 ; but Barnard 
with the 86-inch Lick telescope. Young with 28-inch, 
and Hough with 1 Scinch refractor, failed to see any 
spots. Some round spots were observed by Denning 
oud Stanley Williams, but Barnard finds that spots 
observed with smaller telescopes are not visible with 
the great Lick telescope I 

Saturn is probably in an earlier stage of planetary 
evolution than Jupiter is. Its small density shows 
this. It is lighter than water, and would float in it. 
As it must be much denser nearer the centre, its 
outer surface is probably in the gaseous state. It has 
been objected that if Jupiter and Saturn were highly 
heated they would have a reddish colonr. But they 
may be very hot and have some inherent light with- 
out being actually red hot. It was shown by H. P. 
Weber in 1888 that filaments of platinum, gold, and 
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iron, when heated, give a "gray glow," which "is 
evident at temperatures much below that of dull red, 
namely, 525°. Gold gives the gray effect at 417°, iron 
at 377°, and platinum at 390°.' M. Rogovsky thinks 
that Saturn, Uranus, and Neptune have high tem- 
peratures, but " considerably lower than that of 
Jupiter." He thinks that the great albedo of Saturn 
found by MtUler " may be caused by the reflection 
from its clouds being more perfect than that of 
Jupiter, which is enveloped probably by vapours 
of denser substances." ^ But Z611ner found the albedo 
of Saturn less than that of Jupiter. 

Owing to Saturn's great distance from the sun, 
the light and heat received from the central luminary 
will only amount to about ^ of that received by 
the earth. The sun would show an apparent 
diameter of only S* 22^, and its disc would therefore 
be hardly visible to the naked eye. Of the planets 
nearer to the sun than Saturn, the only one visible 
would be Jupiter, all the others remaining perma- 
nently invisible, owing to their small size and 
proximity to the sun. Jupiter would be seen 
alternately as a morning and evening star, and 
would show phases similar to those of Venus, but 
would never form such a brilliant object in the sky 
of Saturn as he is to us when in opposition, his 
greatest apparent elongation from the sun being 
only 88°, or about 12° leas than that of Venus, as 
seen from the earth. Uranus would be visible from 
Saturn as a star of about the 4th magnitude, but 
Neptune wotdd not be within range of naked-eye 
vision such as ours. 



Di^ilizDdbyGoOgle 



THE RINGED PLANET 269 

Satam is attended by a retinue of 10 satellites. 
These have been named Mimas, Enceladus, Tethys, 
Dione, Rhea, Titan, Themis, Hyperion, lapetus, and 
Pliaebe. This is the order of their distance from the 
planet, Mimas being the nearest and the recently 
discovered Phoebe the farthest. Titan, the largest 
of the satellites, was discovered by Huygens in 1655, 
lapetus by J. D. Cassini in 1671, Rhea ^o by Casslni 
in 1672, and Tethys and Dione by the same famous 
observer in 1684, Mimas and Enceladus were found 
by Sir William Herschel in 1788, Hyperion by G. P. 
Bond in America, and independently by Lassell and 
Dawes in England in 1848, Phcebe by Professor W. H. 
Kckering in 1898, and Themis also by W. H. Pickering 
in 1904. The mean distances of the satellites from 
the centre of Saturn are approximately as follows : 
Mimas 117,000 miles, Enceladus 157,000, Tethys 
186,000, Dione 288,000, Rhea 832,000, Titan 771,000, 
Themis 906,000, Hyperion 984,000, lapetus 2,225,000, 
and Phcebe about eight millions of miles. Their 
periods of revolution round Saturn are : Mimas 22** 87", 
Enceladus 1' 8" 58-, Tethys l* 21" 18°', Dione 2* 17" 41-. 
Bhea 4' 12* 25", Titan 15' 22^ 41-", Themis 20* 20* 24", 
Hyperion 21" O* 39", lapetus 79* 7" 54"", and Phoebe 
about 546i^ daya With the exception of the two 
outer satellites, the periods of revolution are less 
than that of our moon. Their diameters are some- 
what doubtful. That of Mimas is perliaps about 
600 miles, Enceladus 800, Tethys 1200, Dione 1100, 
Rhea 1500, Titan 2500, Themis 88, Hyperion 500, 
lapetos 2000, and Phcebe perhaps 42 miles. The 
orbit of Themis is inclined about 89° to the plane of 
the ecliptic, but the others have a smaller inclination. 
The orUts are nearly circular with the exception of 



Di^ilizDdbyGoOglc 



270 ASTRONOMICAL ESSAYS 

Hyperion, wHch has an Bceentricity of about 0"12, 
that of Phcebe 0-22, and of Themia 0-23. Owing to 
their great distance from the sun and the duninished 
intensity of sunlight, the combined light of all these 
moons, as seen from Saturn, would be small. 

Seen from Mimas, the globe of Saturn would 
appear as a large disc of about 33° in diameter. 
Prom Enceladus it would have an apparent diameter 
of about 255°, from Tethys about 20§°, from Dione 
16% from Rhea 11^°, from Titan 5°, from Themis and 
Hyperion about 4°, and from lapetus about 1'7°. 
Even from the distant Phcebe, Saturn would show 
a disc of about 28 minutes, or nearly as large as 
our moon. 

The new satellite Phosbe was discovered by 
means of photography. In the year 1888 a photo- 
graphic search for a uinl^ satellite of Saturn was 
made by Professor W. H. Pickering, of the Harvard 
Observatory, at the station at Arequipa, Peru, with 
a 18-inch telescope, but without success. The satel- 
lite was discovered in August, 1898, on plates taken 
with the 24-inch ' Bruce telescope. It appeared as 
a small star of about 16th magnitude, and its 
detection among a crowd of small stars was a 
matter of no small difficulty. The satellite was 
again photographed in the years 1900, 1902, and 
1904. The eccentricity of the orbit is, as has been 
said above, about 0*22, an unusually large eccentricity 
for a satellite, and about equal to that of the minor 
planet Eros. The period of revolution is about 
546^ days, or " about one day short of a year and a 
half "—an unusually long period for a satellite. Its 
mean distance from Saturn is about 8 millions of 
miles, but owing to the eccentricity of the orbit, this 
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distance varies from about 9^ to &| millions of miles. 
The motion in its orlat ia retrograde, or in au 
opposite direction to tliat of the other satellites. 
At first sight this would appear inconsistent with 
Iiaplace'S' nebular hypothesis, but Professor Picker- 
ing points out that very possibly the rotation of 
Saturn, when in the gaseous state, was originally in 
a retrograde direction, but that owing to tidal action 
this retrograde motion was reversed — after the 
formation of Phcebe. From this point of view the 
retrograde motion of Phoebe would be merely a 
survival of the original motion of the primitiye 
nebulous mass from wMch Saturn and his satellites 
were evolved. The motion of the lately discovered 
sixth and seventh satellites of Jupiter is, however, 
direct, and this fact is unfavourable to Professor 
Pickering's hypothesis. The diameter of Phcebe ia 
probably about 42 miles. Seen from Saturn, its 
brightness would vary from about the 5th to the 
6th magnitude. 

The tenth satellite, Themia (so named after one of 
the sisters of the god Saturn), was discovered on 
photographic plates by Professor W. H. Pickering, 
in 1904. Its apparent magnitude is about 17|. It is 
therefore the faintest known member of the solar 
system, and is invisible to the eye with the lai^est 
telescope yet constructed. Professor Pickering says 
that " a ball of rather less than one inch in diameter 
at a distance of 3000 miles would reflect as much 
light to us as Phcebe or Themis." 

The satellite Titan, as seen from the earth, shines 
as a star of about 8^ magnitude, and is easily visible 
in a 3-inch telescope. Prom observations in 1892, M. 
h. Radeaux found that its brightness varies about 
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half a magnitude, from 8'0 to S'5, and thla fluctua- 
tion of light seems to occur regularly. The period of 
rotation ia like our moon — probably equal to the 
time of revolution round Saturn. He finds that all 
the satellites of Saturn — at least the larger ones — 
have periods of rotation equal to their respective 
periods of revolution. The variation of light is, 
he thinks, due to dark spots on their surface as 
their light varies periodically with the satellite's 
position in its orbit. lapetus varies from about 
the 9th to the 11th magnitude. This was con- 
firmed by Dr. See, who thinks that "only one side 
gives sufficient light to enable the observer to recog- 
nize a disc" The disc is visible when the satellite 
precedes the planet. Dr. Guthnick finds that Dione 
and Tethys vary about 0*75 magnitude, and Bhea 
about 1 magnitude. The small satellite Phcebe 
varies about 1\ magnitude, according to ^Professor 
Fickering, but the light of Themis seems to be 
constant. 

There is a wide gap between Titan and lapetus, 
in which there are two small sateUites, Themis and 
Hyperion, and Ledger suggested that there may be 
others in this interval. But the gap between lapetus 
and Phcebe is still wider, and other faint satellites 
may yet be diacovered. Hyperion is very faint, 
about 13th magnitude. Its orbit ia much dis- 
turbed by the attraction of Titan. Hussey finds 
from hia own obaervatious that Mimas is probably 
larger than Hyperion, and that the supposed 
diameter of Titan is too lai-ge. He estimates it to 
be about 2500 miles. 

Saturn and its satellites form a most interesting 
system, but the most remarkable and wonderful 
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feature about Saturn is the marvelloua system of 
luminous tings which surround the planet. This 
extraordinary appendage is quite unique in the solar 
system, and consists of three flat circular rings, of 
very small thickness in proportion to their extent, 
completely surrounding the planet, but nowhere 
touching it, in fact, poised in si>ace like Saturn itself, 
and, like the satellites, revolving round the planet. 
The outer ring, known as ring A, is somewhat 
fainter than the miiddle ring, from which it is 
separated by a narrow dark division, discovered by 
Cassini in 1675, and hence called " Cassini's division." 
This middle ring is brighter on the outside, and 
fades gradually towards the planet, merging on its 
inner edge into a dusky or semi-luminous ring, 
termed the " gauze " or " erape " ring, also known as 
ring C. The existence of this dusky ring was only 
discovered in the year 1850, indei)endently by Bond 
in America and Dawes in England, and seems to 
have entirely escaped the notice of the Herscbels 
and other careful observers. 

Prom observations made at Poulkova in 1850-51, 
comx)ared with former observations, Struve concluded 
that the outer ring remained constant, but that the 
inner diameter of the middle ring decreased at the 
rate of 1*25 second a century. Further measures 
by Struve to test this supx>osed cliange in 1881-82 
showed a decrease of only 0'04 second in 31 years. 
Seagrave, in 1904, found by measures made by him- 
self, compared with those of good observers in the 
last 75 to 80 years, that there is no constant decrease, 
and he thinks that Struve's theory should now be 
abandoned. The earlier observations were made 
with inferior instruments, and are therefore not 
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reliable.' The following dlmeoaions of the ring 
system are given by Prof^eor Barnard from micro- 
metrical measures made with the great Lick t^e- 
scope: — 



Outer diameter of outer ring 
Iimei dimnatai of outer ring 
Outer diameter of umer ring (B) 
iKDea diaiDeter of iimec ring 
Inner dinmeter of crape ring 
Width of CosBini division . , 



173,310 miles 
150,860 
146,090 
110,200 
8S,190 
2,270 



The mass of the ring system is very smaU. Tis- 
serand estimated it as ^1^ of the mass of Saturn ; but 
it is probably very mnch less than this. Hermann 
Struve has shown that the mass is inappreciable, as 
it produces no effect on the motions of the satellites, 
and he calls the rings "immaterial light." They 
must, however, have some small mass, as they are 
quite opaque ; at least, the bright rings. The " crape 
ring" is, however, partly transparent, as the body 
of the planet is visible through it. M. Antoniadi, 
the well-known French astronomer, thinks that the 
crape ring is not really a dark ring, but that its 
apparent darkness is simply due to the smaller 
number of the individual particles composing the 
ring,' and that the shade thrown by the ring on the 
ball of the planet is probably due to "penumbral 
shadows," the particles being too small to cast real 
shadows. 

The thickness of the ring system is very small. 
Sir William Herschet found 858 miles, and Schroter 
639 miles. But these estimates are certainly too 

> Fqpulor Aatronomj/, February, 1901. 

* MotUkly Notiett, B.A..S., Mb?, 1899, and lapplementorr 

number. 
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large. The Bonds found the thickness less than 48 
miles, but Trouvelot thought this estimate too ranall. 
The ring system must, however, be very thin, for in 
1S02, when the plane of ringa passed between the 
earth and sun, the rings were completely invisible in 
the great Lick telescope. 

The plane of the rings, which probably coincides 
with that of Saturn's equator, is inclined to the 
plane of the ecliptic at an angle of about 28°. 
As the plane of the ring system always remains 
parallel to a fixed plane during the planet's revolu- 
tion round the sun, this plane will at Saturn's 
equinoxes pasa through the earth at intervals of 14| 
years (half the period of revolution). The rings 
then disappear. 

Several divisions, or partial divisions, have been 
observed from time to time in the bright rings. One 
in the outer ring (A), known as Encke's division, has 
been seen by several observers. It was seen by Mr. 
C. Roberts with a 61-inch mirror in April, 1896. He 
found it decidedly outeide the centre of the ring. It 
was also seen by M. Leo Brenner in the same month. 
It was also seen by Ph. Fauth in June, 1807, with a 
7-inch refractor.* Keeler, in 1888, detected a very 
fine division in the outer ring (A) with the Lick 
telescope. It was about one-sixth of the breadth of 
the ring from its outer edge. Some dark radial 
markings were seen by Antoniadi on the outer ring 
in April, 1896, with 9|-inoh object glass, and four 
concentric markings on the middle ring (B). In 1897 
Professor Schaeberie detected a partial diviEdon in 
the middle ring. It was 0*7 second from the inner 
edge of the ring, and of about the same width as 
' Attronomitche Kaclirichten, No. 8486. 
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the Cassini division. Barnard considers that the 
so-called Encke's division in the outer ring is not a 
real division, bnt merely a marking. M. Leo Brenner 
saw a division between the middle ring and the 
" crape ring," but this Schaeberle failed to see. 

Seen from Saturn, the whole system of rings 
would disappear below lie horizoa at a Satamlaa 
latitude of about 60°. It is fortunate for us that 
the earth does not possess such an appendage as 
Saturn's rings, for although they form a beautiful 
spectacle as seen &om our standpoint, they produce 
numerous ecUpsea of the sun as seen from Saturn — 
eclipses lasting in some latitudes for over a year 1 
An observer on any of the larger satellites would see 
the rings edgeways as a line of hght across the 
planet's disc; and, viewed from Saturn's equator, 
they would appear as a line of light across the sky. 

Professor Yogel found some years ago a strong 
absorption band in the spectrum of Saturn which 
was very faint or absent in the spectrum of the 
rings. This observation was confirmed by Mr. Eller- 
man at the Terkes Observatory in August, 18&8, 
From this Professor Hale concludes that the rings 
have no atmosphere, thus confirming the results 
formerly found from visual observations. Indeed, 
this restdt might well have been anticipated from 
the small mass of the ring system, which would be 
incapable of retaining an atmosphere owing to its 
small power of attraction. 

The constitution of these wonderful rings was for 
a long time a matter of mystery. Proctor has well 
shown that the thickness is so small in comparison 
with the vast dimensions of the rings that even if 
composed of wrought iron they would form very 
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flimsy bodies indeed, utterly unable to resigt the 
enormous strains to which they would be subjected 
by their rotation round the planet. That they must 
rotate roiuid Saturn is obvious, for if they were not 
rotating, the enormous attraction of Saturn's mass 
would soon shatter them to pieces, and precipitate 
the fragments on the planet's equatorial regions. 
Xiaplace found by mathematical analysis that the 
stability of the rings could not be maintained unless 
their mass was distributed unequally, but he did 
not determine what arrangement of weight would 
be necessary to ensure stability. Professor Bond, in 
1851, pointed out that the changes observed in the 
aspect of the rings, especially the appearance of 
divisions, was inconsistent with a solid constitution. 
Bond's views were confirmed mathematically by 
Professor Peirce, of Harvard University, but Hie 
latter thought that they might possibly be liquid. 
It seems, however, to the present writer that Peirce 
overlooked the consideration that the cold at Saturn's 
great distance from the sun would freeze them solid 
if formed of any ordinary liquid. In 1857 Professor 
Clerk Maxwell investigated the question in an essay 
written for the Adams Prize, and he showed clearly 
that the rings could be neither solid nor liquid, and 
that they must consequently consist of a multitude 
of separate solid particles, each revolving in its own 
orbit round the planet. This theory was originally 
suggested by Roberval in the seventeenth century, 
by J. Cassini in 1715, and by Thomas Wright of 
Durban in 1750. It was Wright who originally 
suggested the so-called "disc theory" of the Milky 
Way, usually, but erroneously, attnbuted to Sir 
William Herschel. In 1S88 Professor Seeliger pointed 
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out that the constant brightness of the rings at all 
angles of solar illumination could only be explained 
on the satellite theory. The theory was finally con- 
Srmed by Professor Keeler by spectroscopic observa- 
tions in 18GS. The photographed spectrum of Saturn 
and the ring system showed that the velocity of the 
planet's limb was about 6'4 miles a second, and the 
mean velocity of the rings about 11-2 miles a second. 
It further showed that the velocity of the inner edge 
of the bright rings is greater than that of the outer 
edge, and that within the limits of error of the 
method used the relative velocutiea of the different 
parts of the ring system are such as satisfy Kepler's 
third law of motion.' According to Kepler's law, the 
nearer a satellite is to a pltmet the greater should be 
its velocity, and as this is the case in Saturn's rings, 
we may safely conclude that the rings consist of a 
multitude of small bodies, each revolving in its own 
orbit round the planet. Were the rings solid, the 
velocity at the outer edge would evidently be greater 
than on the inner edge, and this is the reverse of 
what the spectroscope shows. Keeler's results were 
folly confirmed by Belopolsky, Campbell, and Des- 
landres, and the constitution of tiie rings is no longer 
a mystery. These little bodies are so small and 
numerous that they iiresent the appearance of a 
continuous surface in the telescope. The thinness of 
the rings is at once explained by this theory, for the 
attraction of Saturn's protuberant equator would 
compel each of the little satellites composing the 
rings to travel in or near the plane of the planet's 
equator. 

It was shown by Kirkwood in 1867 that the 
' Nature, June 13, 1896. 
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Cassini diTision is due to the disturbances produced 
by the attractions of the large satellites, and this 
conclusion was confirmed by Meyer. Trouvelot 
thought that the observations of Perkins, Offord, 
Davis, Stanley Williams, Stroobant, and others con- 
firmed his opinion that, " so far from being stable, 
the rings of Saturn are, on the contrary, essentially 
variable, and subject to continual fluctuations," 
Proctor has shown that the disturbing forces acting 
on the rings — caused chiefly by the attractions of 
the large satellites — would produce a series of waves, 
the effects of which might occasionally become visible 
in the form of " a temporary division or dusky stripe," 
like Bncke's division in the outer ring. 
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CHAPTER XXI 

THE 8TBLLAB UNIVERSE 

That our visible universe is limited in extent there 
is ample evidence to ahow. The number of stara 
visible to the naked eye is not only comparatively 
small, but absolutely so ; and the number which 
will appear on the photographic charts of the 
6ky, now in progress, will probably not exceed 100 
millions. And even this large number is compara- 
tively small. The richest man in the world is said 
to posseaa as many sovereigns ; and in a ten-acre field 
of ripe oats the number of grains of com probably 
exceeds the number of the visible stars. Taking the 
population at 1500 millions, we have the remarkable 
fact that for every star in the sky there are fifteen 
human beings living on our little globe. 

The number of stars visible to the naked eye has 
been varionsly estimated. The photometric measures 
made at Harvard Observatory show tiie following 
figures : under magnitude 2, 88 stars ; under 8*0, 
99 ; under 4-0, 317 ; under 5-0, 1020 ; and under Q-Q, 
2805; total, i339 to the 8th magnitude, which is 
about the faintest distinctly visible to average 
eyesight. The coefficient of increase for each magni- 
tude is about 3 ; that is, the total number down 
to any given magnitude is about three times the 
number of stars brighter than that magnitude. 
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According to Professor Neweomb, there is no 
evidence of a decrease in tins coefficient to the 
loth magnitude. But a diminution in the rate of 
increase must set in somewhere beiow the 10th 
magnitude, for otherwise the number of the visible 
stars would be considerably greater than it actually 
is. Taking the number of stars down to the 6th 
magnitude as 1339, and assuming a factor of 8 for 
the total number to each magnitude below this, I 
find that the total number down to the 15th magni- 
tude should be about 85 millions ; to the ISth 
magnitude about 256 millions; and to the 17th magni- 
tude — about the faintest visible in the great Yerkes 
telescope — about 768 miUions. It is evident, there- 
fore, that there must be a diminution, or " thinning 
out," of the visible stars at some point in space. 
This diminution in the increase probably begins 
mth stars of the 10th or 11th magnitude. Now, 
what is the cause of this decrease in numl>er as the 
stars become fainter? Is it due to an actual de- 
crease in number as we approach the limits of the 
visible universe, or is it caused by an extinction of 
light in the ether of space? The latter seems im- 
probable, for Professor Seeliger finds that stars of 
the lltli and llj magnitude are comparatively few 
in number near tiie poles of the Milky Way, but are 
very numerous in the Galaxy itself. This is also true 
for fainter stars such as those seen by Sir WUliam 
Herschel in his " gages." Photographs give similar 
results. Dr. Roberts's photographs of the Milky 
Way in Cygnus and elsewhere show over BOOO stars 
to the square degree, w^hile a photograph taken near 
the North Galactic pole shows only 178 stars to the 
square degree, the average for the whole sky being 
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about 1500. It seems reasonable, therefore, to con- 
clude that if faint stars are apparently few in 
number near the poles of the Milky Way, the real 
reason is that the stars are not there, and that, in 
this region at least, there ia real " thinning out " of 
the stars at a certain distance from the earth. It is 
clear that if absorption of light by the ether had any 
real or at least appreciable effect, it would have the 
same effect in the direction of the Milky Way as in 
that of the Galactic poles. We must therefore con- 
clude that the paucity of stars near tJie poles of the 
MUky Way indicates that the stars are really few 
in number in that direction, and that here, at least, 
the visible universe of stars is limited. And it seems 
highly probable, and indeed we may say certain, 
that even in the direction of the Milky Way itself 
the stars thin out beyond a certain distance and do 
not extend indefinitely into space, for if they did, 
the Galaxy would be much brighter than it 
actually is. 

Now let us consider what is the probable extent 
of the visible universe. The faintest stars visible 
on photographs are probably about the 18th 
magnitude; that ia, about one magnitude fainter 
than the faintest visible in the Yerkes telescope. 
Assuming this magnitude and taking the sun's 
stellar magnitude as —26*5, 1 find that to reduce the 
sun's brightness to that of these faint stars it should 
be removed to a distance represented by about 12,500 
years' journey for light. The sun, if placed at the 
distance of Sirius (parallax = 0'S7 second), would 
shine as a star of about 2*22 magnitude, or 8*8 magni- 
tudes fainter than Sirius appears to us. From this 
it follows that Sirius is about 33 times brighter than 
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the son. Sirins might therefore be removed to 5'76 
times (v^) its present distance and still shine as 
a star of 2'22 magnitnde ; and to reduce it to a 
star of the 18th magnitade it should be removed 
to 8241 times ite present distance. This would re- 
present a light journey of about 72,000 years. If, 
therefore, any of the 18th magnitude stars in the 
Milky Way are'suns similar to Sirius — that is, of the 
same size and intrinsic brightness — they may Ue at 
a distance of 72,000 "light years" from the earth. 
That Ib, provided that light suffers no extinction in 
traversing this vast distance. And if similar to our 
sun, they may be at a distance of our 12,000 years' 
joomey for light. 

There seems to be evidence, however, that the 
greater portion of the light of the Milky Way does 
not come from these faint stars, but from stars con- 
siderably brighter, Mr. C. Baston finds, from an ex- 
amination of a photographic plate of a very brilliant 
region of the Milky Way to the south of the bright 
star f Cygni, that about half the total light of the 
Milky Way in this region comes from stars of the 
9th to 12th magnitude. From this he concludes 
that neither the bright telescopic stars (6th to 0th 
magnitude) nor the very faint stars (helow I2th 
magnitude) have any great influence in producing 
the light of the Galaxy. From an investigation of 
a mudh fainter portion of the Milky Way he finds 
the same result.' This agrees with my own compu- 
tations of the total brightness of starlight, which 
show that t^e greatest amount of the light comes 
from stars of the 9th to I2th magnitude.* Easton 

■ Ziunvledge, Jaly, 1908. 

' Ibid., Aoguat. 1901. 
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also thinks it "extremely probable that the great 
majority of the faintest stars of the Milky Way — 
so far as their existence is revealed to us by photo- 
graphy or direct vision — are not much more distant 
from us than etars of the 9th or 10th magnitude, at 
least in the regions to which our researches have 
extended." ' 

Professor Newcomb thinks that there is evi- 
dence to show that the stars of the Milky Way are 
probably situated at a distance between 100 million 
and 200 million times the sun's distance from the 
earth. These distances correspond to 1579 and S159 
years of light travel. Placed at the greater of these 
distances, I find that the sun would be reduced in 
brightness to a star of the ISth magnitude. 

There seems to be evidence that the faint stars 
of the Milky Way have spectra of the Sirian type. 
Supposing with Elaston that the fainter stars of the 
Milky Way are of the 12th magnitude, and further, 
that they are comparable with Sirius in size and 
brightness, I find that their distance would be 
represented by about 4600 years of light traveL 
But Sirius is perhaps a larger body than an average 
Galactic star. Its mass is about two and a half 
times the mass of the sun, and its total brightness 
about 33 times greater. Possibly the stars of the 
MilkyWay maybe much smaller. Prof essor Eapteyn 
— a great authority on this subject — finds, from an 
investigation of the probable distance and bright- 
ness of a number of stars of various magnitudes, 
that in a volume of space containing two millions 
of stars of the same luminosity as the sun, there 
would probably be about half a million brighter 
' EnotBltdge, Angost, 1895. 
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thaii the sun, and about 12^ millions of smaller 
luminosity; that is, out of a total of 15 millions 
of stars, about 12^ millions would be smaller than 
our aun. 

To reduce the sun to the brightness nf a star 
of the 12th magnitude, it should be removed to a 
distance of about 700 "light years." Considering 
thirteen stars, for which fairly reliable parallaxes 
have been found, I find that the average distane© 
of these stars, if removed to a distance which would 
reduce their light to the 12th magnitude, would be 
2921 "light years." As these stars are of various 
sizes and brightness — their "relative brightness," 
compared with the sun, ranging from 0-122 to 128 ' — 
we may perhaps assume that they represent nearly 
all classes of stars, and the average distance of 12th 
magnitude stars is about 3000 " light years." 

If we assume that the stars of the Milky Way 
are much smaller than Sirius, say one-half the mass 
of the sun, or one-fifth of the mass of Sinus, I find 
that the distance of 12th magnitude stars would be 
— if of the same density and surface luminosity as 
Sirius — about 2700 "light years." Assuming with 
Newcomb that the outer boundary of the Milky 
Way is at about 3000 light years, let us see what 
average distance this will give between each pair 
of stars, on the supposition of an equal distribution 
of stars in a globular space. We know, of course, 
that the visible stars are not equally distributed, 
but t^e calculation will give the average distance 
between any two adjacent stars. Assuming a total 
of 100 millions, and that each star is placed at 

' See my paper on |"Tlia B«Utive Brightneaa of Stars" in 
lloatkiy NQlieei, Bojid ABtronomical Society, January, 1906. 
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the angle of a tetrahedron, I find that the average 
distance between two stars would be about 21*24 
light years. This corresponds to a parallax of 0'158 
second. Now, I find that the average parallax of 
the thirteen stars referred to above is 0'243 second. 
If we exclude four stars with a parallax of over 
0-3 second — which may perhaps be considered ae 
exceptionally near our system — we have nine stars 
with an average parallax of 0*155 second. 

With a distance of 21*24 light years between two 
adjacent stars at a distance of 3000 light years from 
the earth, I find that the apparent distance between 
such stars in the Milky Way would foe about 24 
minutes of arc, and as the stars in the Galaxy are, 
on an average, much closer than this, it seems 
highly probable that the stars composing the Milky 
Way are much nearer to each other than a distance 
of 21 light years— and this the crowded appearance 
of the Galaxy would lead us to suppose. 

From some counts of stars which I have made on 
Dr. Roberts's photographs of the MUky Way, I find 
a total of about 45 millions of stars, or about two or 
three times the number due to an equal distribution 
of stars. This agrees with some experiments made 
by Mr. Gavin J. Bums, who finds that the average 
brightness of the Milky Way is from two to three 
times greater than that of the rest of the sky.' 

Easton thinks that the stellar universe is of "a 
fairly thick lens shape, fiJled with stars, which are 
much more closely congregated near the edges thaa 
near tiie centre of the lens." Professor Newcomb's 
views are somewhat similar. But this is returning 
to Sir William Herschel's " disc theory," and it seems 
■ Attivphysical Journal, October, 1902. 
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doubtful whether aneh a conclusion ia warranted foy 
the evidence. As is well known, this disc tlieory 
was abandoned by Herschel himself in bis later 
writings. I have never seen any answer to the 
argtiment ag:ainst the disc theory advanced by me 
in "The Visible Universe." The argument is aa 
follows : as Hio tliiokness of Herschel's supposed 
disc extends on both sides of the earth beyond 
the theoretical distance of stars of the 9th magni- 
tude, the stars of this magnitude should be as 
numerous in the direction of the Galactic poles as 
in the direction of the Milky Way itself. But this 
is not the case. Argelander's maps show that 0th 
magnitude stars are more numerous in the Milky 
Way than at the northern Galactic pole in the ratio 
(rf 2^ to 1. Even the stars visible to the naked eye 
show a tendency to aggregation on the Milky Way, 
and Easton finds that the fainter stars of Arge- 
lander's catalogue — about 9^ magnitude — "present, 
in the manner in which they are distributed, a 
remarkable correspondence with the luminous and 
obscure spots of the Milky Way." These facts seem 
to be inconsistent with the'diso theory as originally 
propounded by Herschel. Prom the evidence quoted 
above, it seems evident that If the stellar universe 
is in any way shaped like a "tlilck lens," there must 
be a considerable crowding of stars along the edge 
of the disc ; that is, in the direction of the Milky 
Way. 

Struve's modification of Hie " disc theory," namely, 
a disc of a certain thickness, but of in&iite, or at 
least indeterminate diameter, seems an improbable 
hypothesis, and one not in agreement with observed 
facts. Even on this theory our sidereal system is 
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supposed to be limited lq the direction of the 
Galactic poles. If Struve's theory were accepted, 
we should be obliged to accept his hypothesis of 
the extinction of light in the ether ; for otherwise 
the Milky Way would be much brighter than it is. 
The comparatively feeble gleam of the Galaxy on 
even the clearest nights should, I think, be sufficient 
to convince the thoughtful observer that its light is 
not due to a vastly extended stratum of stars. Even 
Sir John Herschel's reflecting telescope of 18§ indies* 
aperture (now far surpassed in space-penetrating 
power by modem telescopes) sufficed in some places 
to show the component stars of the Milky Way on 
a black background devoid of any nebulous light. 
With reference to one of hia " sweeps," he says, 
" The northern end of the zone, though pretty rich 
in stars, is yet quite free from brightness of ground. 
It is as black as a coal," clearly showing that his 
optical power could — here at least — fairly penetrate 
through the stellar stratum into the starless void 
beyond. Modem photographs show the same thing 
in many parts of the Milky Way. More powerful 
telescopes and more sensitive plates will probably 
disclose the existence of many fainter stars, but all 
the evidence we have at present seems to point to the 
conclusion that the utmost limit of telescopic vision 
will soon be reached, and that the most powerful 
telescopes which man can construct will ultimately 
show that the stars, even in the richest portions of 
the Milky Way, are strictly limited in number. 

With reference to the clusters and nebulEe, the 
distance of these objects has not been ascertained ; 
but from the fact that stars, clusters, and nebulca 
are mixed up in the Magellanic clouds in a space 



Di^ilizDdbyGoOgle 



THE STELLAR UNIVERSE 280 

whioh is apparently of a nearly globular form, we 
may conclude that all these diverse objects may 
coexist in the same region of space, aad that, conse- 
quently, the nebuhe are not, as a rule, farther from 
the earth than the faint stars seen in the same 
direction. I^otographs of the Magellanic clouds 
taken by the Harvard observers, show that these 
objects ai-e very rich in small stars. Photographs 
of the large " cloud " show about 800,000 stars. This 
would give about 300 millions for the whole sky if 
equally rich. The small cloud seems still richer, as 
the photographs show about 280,000 stars on an area 
of about 10°. This would give the enormous total of 
1155 millions for the whole sky, and it is perhaps 
the richest spot in the heavens. Assuming a distance 
of 3000 light years, I find an average distance between 
the component stars of the large cloud of about 8^ 
years, or more than the distance between Sirius and 
the earth ; and for the small cloud an average dis- 
tance of about five light years. It will be seen that 
both are considerably leas than the average for the 
whole sky, and show that the stars in the "clouds" 
are crowded together. 

Seeliger estimates that the limits of the Milky 
Way lie between SCO and 1100 times the distance 
of Sirius, that is (the distance of Sirius being 8-8 
"light years"), between 4400 and 9080 light years. 
At these distances our sun would be reduced to the 
magnitudes 15'7 and 17*4 respectively. As most of 
the stars in the Milky Way are much brighter than 
this, and as most of them are, according to Kapteyn, 
smaller than the sun, we may, I think, reasonably 
reject Seeliger's distances aa excessive. Newcomb's 
estimates are probably much nearer the trutt. 
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A POSSIBLE CEL.ESTIAL CATASTROPHB 



The above words are from the third chapter of 
the Second Epistle General of St. Peter (verse 12). 
It is a matter of some uncertainty whether this 
epistle waa really written by the apostle Peter. 
There are no certain traces of it earlier than the 
third century. Its authenticity was questioned by 
Origen, and St. Jerome says that many in his time 
rejected it. The difference in style between Uie 
First and Second Epistle !b so great that modern 
critics think it improbable that the Second Epistle 
was written by St. Peter. But there is "no con- 
sensus of opinion against it," and as it is now 
universally admitted into the canon of Scripture, we 
may, perhaps, accept it as genuine. However this 
may be, it seems remarkable that in the great Sans- 
crit epic poem, the Mahabharata, there is a distinct 
prediction of the destruction of the world by fire. In 
that ancient work the following passage oceurs : ' 
" O king, towards the end of those thousands of 
years constituting the four Ttigaa, and when the 
lives of men become so short, a drought occurs 
' From ut Bnglish tnnalation of the " Vans Parra," by Pratip 
Choadrft Bay, O.I.E. ; 3ad edition, 1889, p. (61. 
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eztendins 'for many years. And then, lord of 
the earth, men and creatures, endued with small 
strength and vitality, becoming hungry, die by 
thousands. And then, O lord of men, seven blazing 
suns, appearing in the firmament, drink up all the 
waters of the earth that are in rivers and aeas. 
And, O bull of the Bharata race, then also every- 
thing of the nature of wood or grass that is wet or 
dry, is consumed and reduced to ashes. And then, 
Bharata, the fire called Sanwartaka, impelled by the 
winds, appeareth on the earth that hath already 
been dried to cinders by the seven suns. And then 
that fire, penetrating through the earth and making 
its appearance in the nether regions also, begetteth 
great terror in the hearts of the gods, the Danavas 
and Yakshas. And, O lord of tiie earth, consuming 
the nether regions as also everything upon this 
earth, that flre destroyeth all things in a moment," 
etc. This agrees with St. Peter's words, "the ele- 
ments shall melt with fervent heat, the earth also 
and the works that are therein shall be burned up." 
The idea of " seven suns " in the Mahabharata is also 
in curious agreement with the words of the prophet 
l9aiahi(chap, xxx. ver, 26) : " Moreover the light of the 
mooD shall be as the light of the sun, and the light of 
the sun shaU be sevenfold, as the light of seven days, 
in the day that the Lord bindeth up the breach of 
His people, and healeth the stroke of their wound." 
Assuming the truth of these remarkable predictions, 
let us see how the catastrophe of a general confla- 
gration might be brought about by the operation 
of natural causes without the intervention of a 
miracle. 

Some have supposed that such a catastrophe 



Di^ilizDdbyGoOgk' 



202 ASTRONOMICAL ESSAYS 

might possibly be produced by an outburst of the 
iutemal Area of the earth. But such an hypothesis — 
in itself very Improbable in a cooling globe like the 
earth — is directly opposed to St. Peter's words, " the 
heavens being on fire shall be dissolved," clearly 
indicating, I think, that the fire is to come from 
the outaide. " The heavens/' not the earth, being on 
fire is to be the cause of the catastrophe. Others 
have thought that an outburst in the sun would 
perhaps produce the conflagration, and this certainly 
seems much more probable. Were the sun to sud- 
denly blaze out, like the " temporary " stars recorded 
in the annals of astronomy, and of which we had 
such a brilliant example in February, 1901, in 
Perseus, then, of course, the earth would certainly 
be burnt up, and, at least everything on its surface, 
would at once be reduced to ashes. But although 
this is, of course, within the bounds of possibihty, 
such a catastrophe is not, I think, at all probable. 
There are, to be sure, small outbursts daUy taking 
place in our central luminary, as indicated by the 
" prominences," or red flames visible round the 
sun's limb during total ecUpses, but these are of 
(»mparatively small importance, and not likely at 
any time to endanger the earth's safety. An out- 
burst on a much larger scale would be necessary to 
produce anything in the way of a catastrophe, such 
as would destroy all life on our terrestrial abode. 
Now, is there any cause which would produce a 
great outburst of light and heat in the sun ? I think 
we have such a cause in the possible collision of the 
sun with a dark body in space. The distance of the 
stars is so great that the collision of the sun with 
a star is a contingency which may be at once 
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dismissed. Such an event, if it ever took place, could 
not possibly happen for thousands of years to come. 
To pass over the distance which separates us from 
even the nearest fixed star would take, at the rate of, 
say, ten miles a second, about 80,000 years. 

The existence of dark bodies in space has been 
suspected by astronomers. I say suspected, for really 
we have no direct evidence that such bodies exist. 
The idea seems to have originated in the so-called 
" dark companion " of the variable star Algol. Bat 
we have no evidence that Algol's companion is really 
a " dark body," that is, a body devoid of all inherent 
light, lite the earth. It is true that the spectroscope 
shows no sign of a second spectrum, as in some 
variables of the Algol type, in which both com- 
ponents are of nearly equal brightness. But it has 
been recently found by^ Professor Hartmann that 
" a difference of only about one magnitude would 
be sufficient to bring the spectrum c^ the fainter 
component to almost complete disappearance, and 
a difference of two magnitudes would make it im- 
possible for even a trace of the fainter spectrum to 
be visible on the plate." ' The companion of Algol 
might therefore be a star of 4^ or 5th magnitude, 
and neither telescope nor spectroscope would show 
any trace of its existence. But apart from the above 
considerations, it seems very probable that many 
dark bodies do exist in space. In the case of large 
bodies of this kind, they would have their origin in 
cooled-down suna. Stars cannot go on shining for 
ever. They commence their career with a limited 
amount of potential energy, and this enet^ry is being 
incessantly dissipated in the form of radiant light 
' Astrophyakal Journal, May, 19M. 
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and heat. This dissipation of energy clearly cannot 
go on continually, and in the course of ages it must 
become exhausted. It is like a man living on his 
capital. If he receives no interest on it, and goes 
on spending the money steadily, the day must come, 
sooner or later, when the capital will disappear, and 
the man be reduced to bankruptcy. So it is with a 
sun. It can receive no energy from without, and it 
is constantly wasting its capital of energy in t^e 
radiation of light and heat. It is true tiiat this 
waste may be apparently compensated for a time by 
the contraction of the sun's mass due to gravity- 
But this is only the conversion of potential energy 
into heat, and eventually the process must cease, as 
after a time — counted, of course, by ages — ^the sun's 
density will become so great that the contractioa 
will cease, owing to the overcrowding of the mole- 
cules, no further heat will be produced, and the body 
will begin to cool down. When this cooling process 
has sufficiently advanced, the sun will lose its light, 
and " roll through space, a cold and dark ball." 
There is evidence to show that in some of the 
variable stEurs this permanent waning of light has 
already commenced, and it seems highly probable 
that in many cases the cold and dark stage has been 
actually reached. These dark bodies may indeed be 
very namerous. We have no means of observing 
them, as they show no light, and would not be 
visible, even as faint stars, in the largest telescopes 
which could ever be constmcted. 

It is now well known that the sun is moving 
through space witb. a considerable velocity, and, of 
course, carrying with it the earth and all the planets 
of the solar system. Various estimates of the point 
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towards which the sun is moTing have been made, 
but the most recent and accurate calculations seem 
to point to a spot near the bright star Vega (a. Lyrte). 
In its flight through space it seems quite within the 
bounds of posaibility that the sun may some day 
come into colliaiou with a dark body. Should such 
an event occur, the collision would, of course, produce 
an enormous amount of heat and light, and St. 
Peter's prediction would at once be fulfilled. " The 
heavens " would be " on fire," and the whole surface 
of the earth and everything on it would be reduced 
to cinders in a few minutes. It would be like the 
destruction of St. Pierre on a colossal scale. The 
world would end 

" In unremorseful folds of roUing fire." ' 

But such a catastrophe could not occur without 
our knowing of the coming disaster months, and 
perhaps years, beforehand. When the approaching 
dark body came within a certain distance of the sun, 
it would begin to shine by reflected light, like the 
planets. If a very large body, comparable with the 
auu itself in size, it would first become visible far 
beyond the confines of the solar system. For some 
months or years its motion would be very slow, 
owing to its great distance Avm the sun. It would 
probably be first discovered as a telescopic star, not 
differing in appearance from other stars of the same 
magnitude in its vicinity. It would then perhaps 
shine as a star of the Qth ma^^tude, as any mueh 
fainter star would probably be overlooked. Doubt- 
less it would at first be mistaken for a " new " or 
" temporary " star, or a variable star at its maximum 
I TenByaon, " The Holy Grail," 
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light, but the comparative constancy of its light, and 
its great parallax, or apparent change of place among 
the neighbouring stars, would soon show astronomers 
its true character, and that it was really near the 
earth compared with the distance of the stars. It 
might, however, be mistaken for a distant comet, 
but if coming directly towards the sun, its change 
of place would be small, and its light examined with 
the spectroscope would show a solar spectrum, show- 
ing that, like ttie planets, it was shining by reflected 
sunlight. Further, its distance could be calculated 
from its parallax, and the result would show that 
no comet could be visible at such a distance from 
the sun. 

I have made some calculations on the motion of 
this hypothetical body after it became visible as a 
star of the 9th magnitude, and therefore easily 
visible in a telescope of 3 inches aperture. Iiet us 
suppose the approaching dark body to have the same 
mass as the sun and the same density as the earth. 
Taking the earth's density as four times that of the 
sun, and the sun's diameter as 866,000 miles, I And 
that the di^neter of the dark body would be about 
546,000 miles. Now, taking the diameter of TJranua 
as 83,000 miles, its stellar magnitude as 5*7, and 
assuming that the dark body has the same " albedo," 
or Ught-reflecting power, as Uranus, I find that the 
dark body would shine as a star of the 0th magni- 
tude when at a distance from ihe sun of 8*68 times 
the distance of Uranus, or about 15,000 millions c^ 
miles. Further, assuming that the sun is moving 
through space at the rate of 11 miles a second 
(about its probable v^ue), and that the dark body 
is moving directly towards the sun with the same 
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velocity, we can calculate by the laws of dynamics 
the time taken by the two bodies to come together, 
starting with a distajice between them of 15,000 
millions of miles. The motion for the first few years 
would be comparatively slow, and, as I have said, the 
increase in brightness would at first be impercep- 
tible. To reduce the distance to 12,000 millions of 
miles would, I find, take about 34 years. At the 
end of 6"7 years the distance would be reduced 
to 9000 miUions and in 9-8 years to about 6000 
millions of miles. At this distance the brightness 
would increase to about the 5th magnitude, and it 
would then be distinctly visible to the naked eye. 
In about 11-8 years the distance would be reduced to 
4000 millions, and in about 14 years the dark body 
would reach the orbit of Uranus, or rather it would 
be then at the same dlstanoe from us as Uranus, for 
its path would not intersect the orbit of the planet, 
as I will show presently. It would then shine as a 
star of about —0-4 magnitude, 'or a little brighter 
than Arcturus, and would, of course, attract general 
attention. After this its distance would rapidly 
diminish, and its fight quickly increase. After 
about a year from this time it would reach the 
distance of Jupiter. Its light would then be greatly 
increased. It would appear as a star of about — 6'S 
magnitude, or about 4 magnitudes brighter than 
Jupiter at its brightest, and about 2 magnitudes 
brighter than Venus at her greatest brilliancy. It 
would then be the brightest object in the heavens 
with the exception of the moon, and would be " the 
observed of all observers." After this its motion 
would become very rapid, and in about 51 days it 
would be at about the same distance from the sun 
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that the earth is. From t^s point my calcolataoiu 
ahow Uiat the velocdty would be very rapid, and if 
a direct collision took place, the sun and dark body 
would meet in a little leas than eight days, the 
velocity of each body being then over 400 miles a 
second. The effects of such a collision may be easily 
imagined. Both foodies would be reduced to the 
gaseous state within an hour, and a stupendous 
amount of heat would be produced, heat sofOcient 
not only to destroy the earth, but probably most of 
the planets of the solar sj^tem. 

If the dark body approached iAie sun in a straight 
line, it could not strike the earth itself or any of the 
planets, for the directaon of the sun's motion is in- 
clined to the plane of the earth's orbit at an angle of 
about 60°. The nearest approach of the body to the 
earth would depend on the tune of year at which its 
collision with the sun took place. If this occurred 
about the end c^ December, the dark body would not 
approach the earth nearer than the sun's distance ; 
but if the coUisiOQ took place about June 21, 1 find 
that the body would approach the earth within 
about 80 millions of miles. In this case its attrac- 
tion on the earth would be greater thtai that of the 
sun, and it would probably draw the earth out of its 
orbit. In either cose, when the collision took place 
the sun's mass would be suddenly doubled, and, 
according to Professor Young, the earth's orbit 
" would immediately become an eccentric ellipse, 
with its aphelion near the point where the earth was 
when it occurred." ' But, of course, this would not 
concern humanity, after the earth and all its in- 
habitants had been reduced to ashes. 

I " Monnal of ABtAnomy," p. 391. 
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It LB, of course, possible that the dark body would 
not approach the sun directly in a straight line, bat 
along an elongated ellipse. In tliis case its path 
might intersect the earth's orbit, and a direct collision 
with the earth itself would become possiUe, although 
not very probable. But in this case, if it missed 
striking the earth, it would also miss the sun, and 
there would be no collision. But the earth's motion 
in its orbit would be much disturbed by the powerful 
attraction of the dark body, and it is not easy to 
determine what the exact result would be. If, how- 
ever, the body were moving in an ellipse sufficiently 
elongated to pass inside the earth's orbit, it would 
probably pass close enough to the sun to produce a 
great disturbance in that body due to tidal action, 
and a \axge amount of extra heat would probably be 
develt^ted. Should the two bodies merely graze each 
other, an enormous amount of heat would certainly 
be i)roduoed, quite sufficient to cause the earth's 
destruction. 

The approach of the dark body to the sun would 
form a magnificent celestial 8i>ectacle. When it 
arrived within the sun's distance from the earth, it 
would, I find, shine with about the same brightness 
as the moon when full, but witii a smaller diameter, 
and it would incrcEise rajiidly in brightness of surface 
as it approached the sun. It would then — esfiecially 
if the approach occurred in the month of June — begin 
to show phases like the moon, and we should then 
have the curious spectacle of two moons in the sky, 
one somewhat smaller than the other 1 

Instead of a dark body of the mass of the sun, we 
may suppose one very much smaller, say of the size 
of Jnpiter. In this casc^the masses being so unequal. 
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the sun's motion would be much smaller. On the 
other hand, the dark body would not become visible 
until it was much nearer to the earth. In the case 
of a body like Jupiter, eay 87,000 miles in diameter, 
I find that it would become visible as a star of the 
0th magnitude at a distance of about 3^ times the 
distance of Uranus from the aun, or about 6000 
millions of miles from the earth. If the diameter of 
the dark body was the same as that of the earth, it 
would shine as a star of the Oth magnitude at about 
the distance of Uranus from the earth, and in this 
case it would fall into the sun in about 3 years. 
The amount of heat produced by the collision would, 
of course, be much smaller than in the case first con- 
sidered, but it seems very probable that even a body 
the size of the earth, movlug with such a high velocity 
when it struck the sun, would produce the most 
disastrous results to the earth. Such a body may 
possibly be now approaching us. If only the size of 
the earth, it might easily escape detection until well 
within the orbit of Uranus, and we might then have 
only a few months' warning before the final catas- 
trophe occurred. But, it may be asked, is there any 
star visible at the present time which might be 
identical with an approaching dark body ? Well, all 
I can say is this, that I have carefully examined the 
region round Vega with a powerful binocular field- 
glass, and that at present (April, 1005) there is no 
star brighter than the 7th magnitude within 5° 
of Vega, which is not perfectly well known to 
astronomers. A careful examination with a 3-inch 
telescope, or, better still, a photograph of the region, 
would, however, be necessary before a decided 
opinion could be formd on4he subject. 
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CHAPTER XXm 

RECENT ADVANCES IN 8TB!LE.Ail A8TRONOH7 

In my book "Studies in Astronomy" I gave some 
account of recent advances in stellar afrtronomy np 
to the end of the year 1803. The following are the 
most remarkable discoveries and advances which 
have been made since that date. 

Mr. W. F. Very haa come to the conclusion that a 
parallax of 0'05 second may be definitely adopted for 
Nova Persei. This would imply a light journey of 
about 65 years. This parallax would " inferentially 
represent the distance of the Milky Way in its 
vicinity." The only objection which can be urged 
against this result is that "it gives much smaller 
values for the dimensions of the Galaxy than appears 
probable from other considerations." But possibly 
portions, at least, of the Milky Way may be nearer 
to us than is generally supposed. The great brilliancy 
which Nova Persei attained seems to soggest that its 
distance was probably not greater than some of the 
stars whose parallax has been determined. Mr. Very 
points out that if we assume a parallax of only 0*01 
second, as given by Aitken and Chase, the velocity of 
the radiation which lit up the surrounding nebula 
" would be 1,500,000 kilometres a second, or greater 
than that of light, but c^ such velocities we have no 
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knowledge." ' A parallax of O'OS second would make 
thia velocity 300,000 kilometres a second, or about 
the same as that of light. 

A new orbit of Sirius hae been completed by 
M. O. Lohse. He finds a period of 60*381 years, with 
a Beml-azis major of 7*427 seoondB, and an eccentricity 
of 0*5d8. It was measured by Professor Barnard in 
October, 1908, and he found 115*06" : 6*33". The 
companion is now within reach of medium-sized 



From observations of the colour of 53 variable 
stars of short and long period, Mr. Paul S. Yendell 
comes to the following conclusions. From 7 short- 
period variables he finds "no suggestion of any 
relation between colour and length of period among 
these stars." He finds a mean coloration of only 
O'S (on a scale of to 10); ? "intermediate" stars, 
with periods of 46 to 165 days, show a marked pro- 
gression in the lengths of their periods, corresponding 
to that in their observed colours; 88 long-period 
stars show a marked correspondence "between 
depth of colour and length of period," which con- 
firms Chandler's conclusion, "The redder the star, 
the longer the period." "From 6*8 of colour scale 
upwards, the stars of irregular variation become 
relatively numerous"; the reddest star, R S Cygni, 
being of this type of variation.' 

Professor H. C, Wilson finds on photographs taken 
with a 6-inch camera large patches of nebulosity in 
some of Sir William Herachel's nebulous regions 
where Dr. Roberts found none, and he adds that Dr. 
Roberts's failure "leads us rather to believe that 
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Dr. Roberts's work was not done nnder the moat 
favourable conditions, and that, therefore, there is 
hope that under better conditions more of these 
regions given by Herschel may be proved by 
photographs to be nebulous." With reference to 
the Pleiades and Orion regions, he says that Herschel's 
words are " abundantly justified." ' 

From spectroscopic observations of the famous 
binary star a. Centauri (the nearest of the fixed 
stars), Messrs. Palmer and Wright find a difference 
in the radial velocities of the components of about 6 
kilometres a second. On the assumption that this 
difference is due to relatave orbital velocity, they 
find by the formulce of Lehmann Filh^, and the 
elements of the orbit fomid by .Roberts, a parallax 
of 0*76 second. This is in good argument with the 
parallax of 0*75 second found by Sir David Gill. A 
parallaz of 0-76 second gives for the combined mass 
of the syBtem 1*0 times the mass of the sun. 

Professor Simon Newcomb finds that the main 
stream of the Milky Way " is not on the whole a 
great circle, for the mean latitude obtained is — 1'74'', 
showing a small but well-marked displacement of 
our system from the central plane towards Coma 
Berenices, where the north Galactic pole is situ- 
ated." " In an article on " The Extent of the Visible 
Universe," in Harper's Monthly Magamne for October, 
1904, Professor Newcomb says, " Speaking roughly, 
we have reason, from the data so far available, to 
believe that the stars of the Milky Way are situated 
at a distance between 100,000,000 and 200,000,000 
times the distance of the son. At distances less than 

' Popular Mirtmomy, J'une Bod July, 1904. 

» Nature, July 23, 1904. 
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this it aeeaiB likely that the stars are distributed 
through space with some approach to uniformity. 
We may state as a general conclusion, indicated by 
several methods of m^ing the estimate, that nearly 
all the stars which we can see with our telescopes are 
contained within a sphere not likely to be much more 
than 200,000,000 times the distaace of the sun." 
With reference to the possible extinction of light in 
the ether, he thinks there is none, and that probably 
there is little or no extinction due to dark bodies. 
He says, " We may say wiUi certainty that dark 
stars are not so numerous as to cut off any im- 
portant part of the light from the stars of the Milky 
Way, because if they did the latter would not be so 
clearly seen as it is. Since we have reason to believe 
that the Milky Way comprises the more distant stars 
of our system, we may feel fairly confident that not 
much light can be cut off by dark bodies from the 
most distant regions to which our telescope can 
penetrate. Up to this distance we see the stars just 
as they are." These views support the opinions 
advocated by the present writer for mcoiy years 
past. 

Dr. See says that, according to Stockwell, the 
maximum and minimum values of the constant of 
precession are S2'6d4080 seconds and 48*212308 seconds. 
" Stockwell'a mean value, 50-438239 seconds, gives 
25691*8 years as ihe total period of the precession, 
and this appears to be comparatively near the 
truth." ' 

The short-period variable W. (j/} Sagittarii has 
been found at the Lick Observatory to be a spectro- 
scopic binary. The i)eriod is nearly the same as 
' MtronanAttihe NaehriehUn, Mo. 8966. 
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that of the variation, but there seems to be no 
eclipse as in the case of Algol. The elements of 
the orbit are similar to those of 7 Aquilse and 
8 Cephei.' The shortiperiod variable S. Sagittfe 
(discovered by the present writer in 1885) has also 
been found to be a spectroscopic binary with a 
wide range of radial velocity. The curve is similar 
to those of 1} Aquilre and W. Sagittairii.' Mr. V. M. 
Slipher finds that the bright star y Geminomm ia a 
spectroscopic binary with a period (about ^ years) 
comparable in length with that of 8 Equulei (5*7 
years). The orbit is "quite eccentric," for the 
change from maximum to minimum velocity takes 
place in much leas time than the change from 
minimum to maximum.' Mr. Adams has computed 
an orbit for the spectroscopic binary £* Tauri, and 
finds a period of 188 days, with an eccentricity of 
the orbit of 0*180. " No trace of the spectrum of 
the second component has been found " on any of the 
photographic plates yet secured. Mr. Heber D. Curtis 
has computed an orbit for the spectroscopic binary 
star ( Pegasi. He finds a x>3riod of 10'213i2 days 
with a nearly circular orbit. The range of velocity 
is from -}-43*7 kilometres to — 52'1 kilometres a second. 
There is " no evidence of a second spectrum." * If we 
suppose that the plane of the orbit passes through 
the earth, the distance between the components 
would be about 4 millions of miles. But as the star 
does not seem to be an Algol variable, the orbital 
plane is probably inclined to the Une of sight. In 

' PublicatuMi of the Astronomical Societj/ of the Faeific, Deoembec 
10, 1901. 

■ A$trophyskal uTiwmat, July, 1906. 

■ JIM., April, 190*. 
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this case the distance would be greater. For an 
angle of 60° with the line of sight, the distance 
between the components would be aboat 8 uuUions 
of miles. The high velocity and short -period 
indicate that they are comparatively close. Pro- 
fessor Vogel contests the validity of TickhofTs 
conclusion tiiat ff Aurigse is quadruple. Vogel 
finds a period of S* 23'' 2" 16* ± 5- with a nearly 
circular orbit.' Professor J. Kartmann has com- 
puted an orbit for the spectroscopic binary star 
S Ononis. He finds a period of 5* ll" 84" 48" ± 17*. 
The system is receding from the earth with a 
velocity of alxmt 14'S miles a second. The mass 
is probably greater than the sun's mass, and " pro- 
bably of the order of from 5 to 10 times the solar 
mass." " The star has long been suspected of 
variable light, and Auwera found a period of 16*08 
days. If of the Algol type, Hartmann says that the 
dates of minimum light may be computed from the 
formula 1902, February 14-02 + nP. Observations 
made specially by the present writer to detect this 
supposed variation have proved without result. The 
companion is comparatively dark, but the components 
are probably of nearly eqnal mass. With reference 
to the invisibility of the spectrum of the companion, 
Hartmann says, " A difference of about one magni- 
tude would be suf&cient to bring the spectrum of the 
fainter component to almost complete disappearance, 
and a difference of two magnitudes would make it 
impossible for even a trace of the faintest spectrum 
to be visible on the plate. The slight difference of 

I Astrotumiiche NaekriehUn, No. 3911. See ■' Stadiea in 
Aatronomy," p. 291. 

' Atlrophyaieal Journal, May, 19W, 
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magnitude necessary for the extinction of the fainter 
spectrum explains the fact that among the numerous 
spectroscopic binaries so far discovered, there are 
very few which show the Mnes of the second com- 
ponent in the spectrnm." This shows that the ccnn- 
panion of Algol is not necessarily a " dark body," as 
is usually stated. It may be a star of, say, the Sth 
magnitude, without the spectroscope showing any 
sign of its existence. 

For the binary star y Coronse Borealis, Dr. 
Doberck has computed a period of 79'68 years, with 
a semi-axis major of 0'5d8 second.^ From this it 
follows that the " relative brilliancy " of the star is 
about 24 times that of f Ursse Majoris (taken as a 
standard). Its spectrum is of the Sirian type ; that 
of i Urate being of the solar type. For the star 
f Scorpii, Mr. R. G, Aitken finds a period of 44^ years, 
with a semi-axis major of 0*701 second, and an 
eccentricity of O'Tfl?. He finds that Dr. See's orbit 
is now in error to the extent of +100*8'' in position 
angle, and "instead of being nearly circuhu:, the 
orbit is highly eccentric" • Aiken's orbit gives a 
" relative brilliancy " of 6'58. The spectrum is F 8 G 
(Pickering). 

From a plate taken of the great cluster in Hercules 
(Messier 13) at the Terkes Olwervatory on August 15, 
1000, Mr. W. B. Flummer finds that the number of 
stars in the duster brighter than the 15th magni- 
tude " does not greatly exceed 2000.* According to 
Perrine, about one-third of the total number of 
stars in the globular clusters lie between the 11th 

> Nattire, Aogtlat SI, 1906. 

* Lick Ob»ervalory Bulletin, Ho. 80. 

* Monthly Notices, B.A.S., June, 1906. 
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and IStb magnitudes, while almost all the remainder 
are very faint, abont 16th magnitude. He says, 
" The appearance is that of two layers, one of bright 
stars superposed upon another of very faint stars; 
but few of 14 to 15^ magnitude are found in the 
cluBter. This fact may be due either to an actual 
difference in t^e size of the stars, or to a difference 
in constitution or physical condition. The first 
appears more probable." Perrine says, "In this 
connection attention may be called to the relation 
which has been supposed to exist between the 
nebulsB and star clusters. The belief has been 
gaining way, since photography has shown the real 
structure of so many of these objects, that they are 
but different stages in the process of evolution ; that 
a star duster has been formed by the condensation 
of the matter in a nebula. A study of the nebolse 
observed with the Grossley reflector shows that a 
large proportion are spiral, and that practically all 
the spirals are lenticular or disc-shaped. Many of 
them are relatively very thin. Now, if the globular 
clusters are really spherical, how conld they have 
originated from a disc-shaped nebula? " 

Perrine now estimates the probable ntunber of 
nebulfe within reach of the Crossley reflector to be 
abont 500,000, instead of 120,000 estimated by the 
late Professor Keeler. He thinks that with more 
sensitive plates and longer exposures this number 
"will ultimately be found to exceed a million." 
These small nebuUe seem to be distributed over the 
whole heavens with some approach to uniformity. 

A series of photographs of Eros taken with the 
Crossley reflector gives for the solar parallax 
8-788" ± 0-008" (Perrine). 
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According to Profeasor Perrine, observations at 
the tick Observatory show that the apectrum of 
nowB, or new stars, eventually becomes " continuous 
without bright lines." The Bpectrum of Nova Cygni 
has — according to Pahner — already reached this 
stage, and that of Nova Persel is evidently ajjproach- 
ing it. Perrine thinks tiiat the whole cycle of changes, 
from the spectrum characteristic of new stars when 
at their greatest brightness, through the nebular 
spectrum, on to a continuous spectrum, " occupy but 
a few years, even in the case of so great an outburst 
as that of Nova Persei." ' On July 80, 1903, Nova 
Persei was estimated lli^ or 12th magnitude at the 
Lick Observatory, so this famous star seems to be 
still slowly fading.^ 

I>r. Max Wolf has photographed an interesting 
nebula in the constellatioa Cygnus, which is very 
curiously placed in a dark vacuity in the Milky 
Way. It lies about 2" south-east of the 4th 
magnitude star w* Cygni. Wolf says, " The nebula is 
somewhat round, and is about 10 minutes in diameter. 
It is of a very complicated structure, somewhat 
resembling the trifld nebula in Sagittarius. It is 
placed centrally in a very fine lacuna, void of faint 
stars, which surrounds the luminous cloud like a 
trench. The most striking feature with regard to 
this object is that the star-void halo encircling the 
nebula forms the end of, a long channel, running 
eastward from the western nebulous clouds and 
their lacunae to a length of more than two degrees." 
Dr. Wolf suggests the question, "Is there a dark 
mass following the path of the nebula, absorbing the 
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light of the fainter stars ? We are far from knowing 
enottgh to settle these questions ; but one thing we 
learn anew from this interesting nebula, and in 
a very illustratiTe manner — that the nebula is 
geometrioaJJ/y encircled by a ring whAch is void qf 
fami stars, and that this lacuna is the end of a Umg 
starless hole."^ (The italics are Wolfs). He sajra 
further, "Similar relations seem to exist for all 
extended nebulee." Among these he mentions 
Messier 8 and 20 ; the nebulse near y Scuti, p 
Ophiuehi, B Ophiuchi, Antarea, v Seorpii, ^ Carinie, 
S (15J Monocerotia, i Persei, Cassiopeise, and y 
Cygni. The nebula near ir* Gygni described above was 
afterwards photographed by Mr, W. S. Franks with 
the 20-iiich reflector of the late Dr. Roberts, and hia 
photograph fully confirms Dr. Wolf a result. Mr. 
Franks says, "I have often noticed the cnrioua 
thinning out of stars in the immediate vicinity of 
nebuUe, and imdoubtedly there must be some 
physical cause to account for the fact, of which Sir 
W. Herschel was well aware. Is it possible that 
some of these objects are surrounded by dark and 
relatively cool nebulous matter, which, viewed in its 
greatest darkness round the edge, is sufBoient to 
absorb and obUterate small stars behind it? We 
have no grounds for assuming that the nebulae 
generally are more distant than the stars; indeed; 
from their vast apparent size, they may be much 
nearer. Considering, too, how few of the stars show 
any sensible parallax, it may be that some of the 
nebulee, when they are seriously attacked, will yield 
positive results. The long barren channel preceding 
, No. 9, Snpplemeiitw? 



■.Google 



*U« Ic l|4C 



by Google 



ADVANCES IN STELLAR ASTRONOMY 811 

this detached nebula is a very oiuloas feature) and 
offers au inviting field for speculation." ' 

Prom measures made at the Yerkea Observatory 
by Messrs. Adams and Frost with the great 10-mch 
telescope ot the velocity in the line of sight of twenty 
stars of the " Orion type " of spectrum, they find the 
following results. The stars examined vary in mag- 
nitude from Rigel (O'S) to 102 Herculis (4*5). The 
velodtiee found range from + 32*6 kilometres (20*2 
miles) in the case of y3 Canis Majoris, to —20*3 kilo- 
metres (16-26 miles) (« Delphini). The results show 
clearly the direction of the sun's motion in space, but 
are, of course, too few in number to determine 
accurately either the position of the "apex" or 
the velocity of the solar motion. Assuming, how- 
ever. Professor Newcomb's position of the "apex" 
(RA. 277-5'' i Dec. = + 35°), and Campbell's soUvr 
velocity of 19'0 kilometres per second, they find a 
mean velocity for the 20 stars of only 7'0 kilometres 
(4*34 miles). Omitting y Corvi, which has au excep- 
tional proper motion of 0'162 second, the mean proper 
motion of the others is only 0*015 second. Considering 
the brightness of the stars examined, this is very 
small, " much smaller than for solar stars of corre- 
sponding brightness, and indicates that the stars of 
the Orion type are as a class very remote." Messrs. 
Adam and Frost think that these Orion type stars 
" seem unquestionably to o<M:upy a position very 
early in the scale of stellar evolution. Their chemical 
constitution is simple, tiie chief elements showing 
lines being hydrogen, helium, oxygen, silicon, nitro- 
gen, and magnesium. The presence of helium is the 
principal characteristic of the type, whence they are 
> M<MAly NoHea, B.A.S,, Deo«mbei, IQOA. 
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frequently called helium stare." In those stars of 
the type which are probably the earliest in order of 
development (such as « Draconis, ( and X Ononis), 
there are no lines visible in the spectrtun except 
those of " hydrogen and the stronger helium lines, 
and these are faint, and extremely broad and 
diftnse." In the stars next in order these lines are 
stronger, narrower, and better defined. In the 
spectra of those stars further developed (i Herculis 
and Rigel) the lines are well defined with traces of 
fiiUcon. Faint metallic lines also begin to appear, 
showing a connection with subsequent tyi>es. Some, 
however, of the Oilon stars show oxygen and nitro- 
gen lines, and the order in which tiiese should be 
placed with reference to the others is not clear. The 
observers, however, think that the relationship be- 
tween the two groups is " one of parallelism rather 
than succession." ' 

A careful investigation of the spectra of the red 
stars of Seochi's fourth type has also been made at 
the Yerkes Observatory by Professor Hale, Bllerman, 
toid Parkhuret, and they arrived at the following 
conclusions. The spectra contain a large number of 
bright and dark lines, in addition to the flutings of 
cyanogen and the flutings of the " swan spectrum." 
The velocity of 8 of these fourth-type stare range 
from 4- 5 kilometres to — 28 kilometres. Measure- 
ments of 307 dark lines indicate the presence of the 
following elements : carbon (as cyanogen and in 
the elementary or combined state corresponding to 
the swan spectrum), hydrogen, vanadium, calcium, 
magnesium, sodium, iron, chroniiuni, titanium, nickel, 
manganese, and possibly two or three others. " The 
' FubUeatioiu o/ the Yerha Obtenatory, vol. li. 
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carbon and metallic Tapoura are very dense, and 
lie immediately above the photosphere. Above these 
dense vapottrs of the reversing layer rise other 
vaponrs or gases, represented in the spectra by 
bright lines." About 200 of these bright lines were 
observed, but could not be identified with certainty 
with those of any known gases. A few of them may 
possibly correspond with bright lines in the Wolf- 
Rayet stars. The appearance of tiie dark lines si^- 
gests, but does not prove, that the temperature of the 
reversing layer in these stars is lower than in the 
case of the sun. The appearance of some of these 
also suggests the presence of numerous sun-spots. 
About 20 per cent, of the fourth-type stars are 
variable. This Es a larger proportion than in the 
case of the third-type stars. " The condensation of 
fourth-type stars in and near the MUky Way is very 
marked. Stars of the third and fourth types re- 
semble each other in colour, tendency to variability, 
spectra, possible presence of sun-spots, physical con- 
dition, and probable relationship to solar stars. They 
should therefore be classed together, as co-ordinate 
branches leading back to stars like the sun. Varia- 
tions in the relative intensities of certain titanium 
lines indicate that fourth-type stars are probably 
very widely separated from Wolf-Rayet stars in 
pomt of development. Pourth-type stars probably 
develop from stars like the sun through loss of heat 
by radiation." ^ The observers consider that tbese 
fourth-type stars " represent the last stage of stellar 
development." 

Dr. Doberck has computed a new set of elements 
for the orbit of the satellite of Sirius. He finds 
' Pvblieationi of the Yerkei Obtervatory, vol, 11. p. ISO. 
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a period of 49-49 fears, with a semi-asis major of 
7-513 seconds, and an eccentricity of 0-5871. This 
does not differ much from previous determinations. 
With Gill's parallax of 0*37 second, Doberck's orbit 
gives a combined mass equal to 8'434 times the 
sun's moss, the mass of the sateUite beii^ about 
equal to the sun's mass. 

In the nebulous region near p Ophiuchi, 72 new 
variable stars have been discovered at Harvao^ 
Observatory. Among these the greatest variation of 
light amounts to 4*1 magnitudes. All these are faint 
stars, only 10*5 to 14*2 m^nitnde at maximum. In 
the' globular cluster Messier 4, 88 variable stars were 
discovered. Greatest variation 1*6 magnitude. These 
are also faint, from 10"5 to 18*1 magnitude at maad- 
mum. In the "trifid nebula" (Messier 20), 16 
variables were found, the largest variation being 4 
magnitudes. The stars are mostly faint, from 9'5 to 
14 magnitude at maximum.^ 

Professor E. C. Kefcering finds that the spectrum 
of the star X Gephei (5'6 magnitude) is peculiar, and 
identical with that of £ Pnppis.' This is a very rare 
spectrum, and shows some hydrogen lines which 
have not yet been seen in laboratory experiments. 

Dr. J. Mailer finds the following results for the 
colours of stars down to magnitude 3*4, estimated on 
a scale of 1 to 0, 1 being nearly white, and 9 full red : 
Antares, 7-5 to 7*8 ; Betelgense, 7*4 to 7-fl ; f Arse, 7-4 
to 7*6; Aldebaran, 7-2; t Cephei, 7-0; tCraois, 7*0; 
S Virginia, 7*0.' 

Prom an investigation by Messrs. P. W. Dyson, 
F.R.S., and W. G. Thackeray, of t^e Greenwich 
• Ibid., Ho. 8995. 
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Obaervatoiy, based on the proper motions of a large 
number of stars of different magnitudes, derived 
from a comparison of Groombridge's Catalogue 
(1810) with modem Greenwich observations, they 
find that "the most probable' value of the position 
of the apex of the sun's motion derived from the 
discuBsion is ILA. 275°, or 18" 20°', declination +S7°." 
This point lies between Tega and k Lyrsa — a little 
nearer to k. This result is in good agreement with 
the results found by Boss (1800) and Newcomb (1899). 

In Popular Astronomy for May, 1905, Mr, S. M. 
Hadley gives formula for finding the relative masses 
of the components of binary stars from measures of 
a third star near the binary. Prom measures of 
(T CoronsB Borealis (period 370*0 years, See) and a 
tbird star which has varied in distance (owing to 
the in^per motion of the binary aystem) from about 
41 seconds to 62 seconds, he finds that the masses of 
the components are in the ratio of 1 : 1*08, or about 
equal in mass. The magnitudes of the components 
are 6 and 7 (yellow aod bluish), or the primary is 
about 2| times brighter than the companion. For 
/3 Delphini the ratio of the masses has not yet been 
determined. In this case the components are 4 and Q 
magnitudee, or the prinutry star is about 6'31 times 
brighter than the companion. 

Professor H. C. Wilson (U.S.A.) finds that on a 
{^olograph taken by him of tiie Pleiades region with 
a 6-inch Brashear star camera, this region (one of 
those described by the late Dr. Roberts as contain' 
ing no nebulosity) "is really filled with nebulous 
matter covering an area equal to that allotted by 
Herschel to the whole of the nebulosities in his 62 
regions." 



Di^ilizDdbyGoOgk' 



816 ASTRONOMICAL ESSAYS 

From measures of photographic plates, H. N. 
Riiasell, Ph.D., finds a parallax of 0-074 second for 
the star y Virginis, and 0"344 second for the star 
Lalande 21,185.' The latter star has long been 
known as one of the nearest stars in the heavens. 
Its magnitude is aboat 7^. If our sun were removed 
to the distance indicated byj the above parallax, it 
wonld, I find, shine as a star of about 2*4 magnitude. 
The sun is therefore about 100 times brighter tiian 
the star, and Lalande 21,185 must be either a com- 
paratively small body, or else the luminosity of its 
surface must be considerably less than that of the 
sun. It has a very large proper motion of 4"75 
seconds (one of the largest known), and this, com- 
bined with the above parallax, would imply a motion 
of 40*6 miles per second at right angles to the line of 
sight. As it may have some motion in the line of 
sight, its actual velocity is probably greater than 
this. 

In the AstroTwrnische Nachrichten, No. 3S46, M. 
Adalbert Prey, of Vienna, gives the results of an 
investigation of the ratio of the masses of the com- 
ponents of the binary star 70 Ophiuchi, using 33 
meridian observations of the principal component. 
He obtains the remarkable re^lt that the mass of 
the companion is four times as great as that of the 
bright star I Using Schur's parallax of O'10 second, 
he finds the masses of the two stars to be 0*82 and 
1'28 times the sun's mass. 

No less than 910 variable stars have been dis- 
covered in the smaller Magellanic cloud on photo- 
graphic plates taken at Arequipa by the Harvard 
observers. "It is estimated that the number of 
1 Monthly Notieet, B.A.3., Jane, 190e. 
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Btars photographed in the Bmall Magellanic cload 
and adjacent clusters la about 280,000, of which 910, 
or 1 In 308, is variable. In the eurrounding region 
about 40,000 stars appear on the best negatives, of 
wliich 12, or only 1 in 38,000, have been found to be 
variable, although all have been examined with 
great care." 

Mr. Lampland, of Mr. Percival Lowell's Observsr 
tory, finds that the faintest stars shown on chartB 
made at the Lick Observatory with the 86-inch tele- 
scope are perfectly visible with the 2i-inch telescope 
of the Lowell Observatory.* 

Professor C. L. DooUttle finds from 15,000 obsei^ 
vations, extending over a period of 7 years — 1898 to 
1903 — at the Mower Observatory, and from similar 
work at the Sayre Observatory, a value for the 
constant of aberration of 20*540 seconds.' The 
corresponding value of the sun's parallax would be 
8'76 seconds. From measures of lines in the spectrum 
of Arcturos, Herr K. Kflstner finds a value of the 
solar parallax of 8'841 seconds. AU the values of 
the sun's parallax found in recent years seem to 
cluster round a mean value of 8*80 seconds, which Is 
the value now usuaUy adopted by astronomers. 

A new star in AquUa was discovered in August, 
1005, on plates taken at Harvard. Its magnitude 
was about 7. Professor Max Wolf found it 9*3 on 
September 4 ; Dr. Guthnick estimated it 10*2 on 
September 4, and of a yeUowish colour; and Pro- 
fessor Hartwig 10m. on September 5. Its position 
for 1005*0 is R.A. 18" 57- S", S. 4" 84*8', or a little 
north-west of the star X Aquilsa, This will be known 
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as NoTa Aquilie, No. 2, the first nova in this con- 
stellation having been discovered in July, 1900 ; but it 
was visible as 7m. on a plate taken on April 21, 1899.' 
In a paper by J. Bsba in the Prooeedinga qf the 
Royal Society of Edinburgh, he advances further 
ai^ruments in favour of Seeliger's theory that the 
phenomenon of a temporary star is due to *'the 
collision of a dark solid body with matter of 
nebulous consistency." He says that after the 
collision occnrs a central photospheric radiation 
would be formed, and this would be surrounded by 
an atmosphere showing bright lines in its spectrum. 
All the particles of this atmosphere will be moving 
radially outwards from the star's centre. All the 
rays leaving the photosphere from the hemisphere 
turned towards the earth will thus have to pass 
through the absorbing atmosphere, and will show a 
spectrum with dark lines. Bright Unes will also be 
visible formed by the atmosphere itself. As all the 
particles of the absorbing atmosphere are moving 
with high velocities towards the olraerver, the dark 
lines will be displaced towards the violet end of 
the spectrum. This displacement of the dark lines 
towards the violet has been the characteristic feature 
of all the temporary stars hitherto observed with 
the spectroscope. Other facts In the history of 
new stars are also Satisfactorily explained by this 
hypothesis. 

A remarkable variable star of the Algol type has 
been discovered on photographic plates taken at the 
Harvard Observatory . It varies from 7'14 magnitude 
to about the 11th magnitude (photographic), with a 
period of 2'77 days. The variation is " much greater 
> Nature, September 14 and 31, 1905. 
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than that of any other Algol star as yet discovered," 
the light at mazimuin being about 85 times the light 
at minimum. Its position for 1900 is BA. 3" 57" 45', 
N. 87° 51'. It lies about 50* north-west of 41 Tauri, 
and about 1° 10* south-west of V'Tatui. At maximum 
it may be seen with a good binocular, but at mininrnm 
it would be quite invisible with such an instrument. 
It may be followed, however, through all its phases 
with a 4-inch telescox>e. Its spectrum, like that of 
all the Algol variables, is of the first type. 

Mr. J. Miller Barr, of Ontario, Canada, finds that 
the star 82 Cassiopeiie is variable to the extent of 
0*4 magnitude with the remarkably short period of 
7* 59". The variation (about 5-2 to 5"6 magnitude) 
has been confirmed by Mr. Paul S. Yendell, of Boston 
(U.S.A.), the well-known variable star observer.' The 
colour ia yellowish, and the spectrum of the Sirian 
type (A). Another still uLore remarkable variable 
has also been detected by Mr, Barr. This is 
B.M. -I- 80'',42, and lies about Sf" north-east of the 
bright star a Andromedie. Mr. Barr finds tiiat it 
is variable to the extent of 0*4 magnitude, with the 
phenomenally short iieriod of 2^ 41'1", which would 
be the shortest period known. He thinks, however, 
that it may be necessary to double this period, 
making it S* 22"". This would still be the shortest 
period known with one exception, W. Urste Majoris, 
which has a period of only 4'' 0" 18'. The new 
variable is of a yellowish colour, and its spectrum 
of the Sirian type. The variation is about from 5*5 
to 5'S magnitude. 

■ The variation ie, however, dinputed by J. A. PorkhnrBt and 
F. 0. Jordan, from photx^raphio ineasaiee\(A»trcphyiical Journal, 
January, 1906), 
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With reference to the distribution of stars vith 
different types of spectra, Profeasor Pickering finds 
that the stare of the first or Siiian type, " although 
frequent in all parts of the sky, predominate along a 
certain plane, thus forming the Milky Way." The 
stars of Class B. (the "Orion" or "helium" stars) 
"are nearly all in Hie Milky Way. Only four per 
cent, are in the half of the sky north and sout^ of 
it." The stars of the second and third type " show no 
concentration in the Milky Way, but are, in general, 
uniformly distributed in all parts of the sky." ' 

ProfesBor Ceraski has recently made some observa- 
tions with a Tiew to determine the value of the euu's 
stellar magnitude. He compared the light of Venus 
with a reflected image of the sun during the day- 
time, and at night compared Venus with the stars 
Polaris, Procyon, and Sirius. Taking the photo- 
metric magnitude of Polaris as 2*15, that of Procyon 
0'5Q, and Sirius —1*09, his results give for the sun's 
stellar magnitude -26*51, -28-66, and -20-67, and a 
weighted mean value of — 26'5d. Instead of using 
the minus sign, he calls the sun's stellar magnitude 
26'59 av/per magnitude,'' The magnitude of Sirius 
found at BEarvard, viz. —1-58, would, however, 
give a somewhat higher value than that found by 
Ceraski. 

M. H. E. Laa, of Copenhagen, found the star 
P Hercuhs below its normal brightness in August 
and September, 1005, and as it is a spectroscopic 
binary with a period of about 410^ days, he suggests 
that it may be a variable of the Algol type. Variation 
was suspected by Sir William HerscheL 
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From a, comparison of the spectrum of sun-spots, 
observed at Princeton (U.S.A.), with that of fonrtiii- 
type stars rec<»ded at the Lick Observatory, Mr. 
Walter M. MitcheU finds that carbon is apparently 
absentf rom siin-Bpote,whiIe its presence in fourth-type 
sta-.'s is strongly indicated by the absorption bands in 
t^eir spectrum. The magnesium lines are prominent 
in the foiuiih-type spectrum, but are of small import^ 
ance in the spot spectrum, no observation of these 
lines being recorded at Princeton. " In contrast 
to this is the behaviour of the manganese lines, 
which are of relatively great importance in the spot 
spectrum, and are apparently of minor importance in 
the spectra of the fourth-type stars." He concludes 
t^t " it seems improbable that spots, such as exist 
on the sun, constitute a characteristic feature of 
fourth-type stars." ' With reference to third-type 
stars, a comparison made by Adams and Hale between 
the spectrum of a Orionis (Betelgeose) — taken with 
the Snow telescope — and the sun-spot spectrum 
"affords strong evidence of the general agreement 
between the spectrum of a OrioQis and that oS sun- 
spots." ' 

The fainter component of the well-known binary 
star Castor was f oiuid some years ago to be a spectro- 
scopic binary with a period of 2'9S days. Professor 
Heber D. Curtis, of the Lick Observatory, confirms 
this, and finds that the brighter component is also 
a spectroscopic binary with a period of about d'2 
days, the whole forming a remarkable quaternary 
system. The spectroscopic measures indicate the 
remarkable resolt that the mass of the fainter 
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component is six times the masa of the brighter 
component. 

Iq a paper read before the BritiBh Astronomical 
Association in June, 1906, Mr, Oavia J. Bums says 
that the Inmlnoeity of the eky on a moonless night 
ia not wholly due to Btarlight, for if this were 
so, the light should dinuniah near the horizon, as 
the lueid stars do. " As a matter of fact, the exact 
opposite is the case." The light also varies in bright- 
ness. This I can fully confirm from my own obser- 
vations. Sometimes the night sky is comparatiTely 
dark, wbile at others there is a sort of phosphorescent 
glow over the whole sky. 

Fnnn meridian observations of the binary star 85 
Pegasi, and measures made from a third star of the 
&th magnitude! "which seems to be fixed," Messrs. 
W. Bowyer and H. H. Fumer, of Greenwich Observa- 
tory, find that the mass of the bright star ia to the 
mass of the companion as 8 to 8, that is, the 
companion has nearly three times the mass of 
the ptimary.^ As the magnitade of the primary 
star is 6, and that of the companion 10, this is a 
very remarliable result, the apparent brightness 
being in the ratio of 100 to 1. 

EW>m photographs taken at tlie Cambridge Ob- 
servatory, Messrs. Arthur E. Hinks and Henry Norris 
BuBSell find a parallax for Mira Ceti of 0*136 second. 
Witii reference to this result, which is of great 
interest, Mr. Russell says, " If the other long-period 
variables resemble it, and their maximum rather 
than their minirnnm light is comparable with the 
sun's, the brighter ones must have easily measurable 
parallaxes, and it would pay to observe them. 
1 Mmthly NoUca, B,A.8., Hsy, 1906. 
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Campbell and Stebbins find that the radial velocdty 
of Mira is constant and equal to -1- 68 km. per 
second. As its cfosb velocity is only 8 km., it 
is moving abnost directly away from us — in a 
direction making an angle of only 7° with the 
line of sight. If the present value of the parallax 
is correct, it follows that Mira was nearest to the 
sun about 110,000 years ago. It was then in Ursa 
Major, and had a parallax of I'l second, and a 
proper motion of 15 seconds per annum. If its 
intrinsic brightness varied between the same limits 
as at present, it was of the 5th magnitude at 
ni i Jti itwnTti, and at TnaTimum fras as bright as 
SiriuB." ^ The star passed through an unusually 
bright mudmmn in December, 1006, when it was 
fuUy 2nd magnitude, or perhaps slightly brighter. 
It has not been so bright at nmxininm for over 
sixty years. 

Aitken finds that the binary star 13 Ceti has 
the short period of 7*42 years. This is shorter " than 
any other known visual binary except & Equulei"* 
(5'7 years). 

■ Monthly Notiees, B.A.S-i Deostnbei, 1906. 
* PttbJia^otwof the istnmomieal Society of theFadfle, V6hrzary 
10, 1907. 
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THB NEW COaMOGONT 

In Laplace's nebular hypotheBia, the original maes 
from which the solar system is supposed to have 
been evolved was considered to consist of gaseous 
material filling a space of spheroidal form and ex- 
tending to the orbit of Neptnne, or somewhat beyond 
it. The whole gaseous mass was supposed to be in 
hydrodynamical equilibrium, and rotating in a period 
equal to the period of revolution of the present 
farthest planet. We might also assume that the 
original mass consisted of a swarm of meteorites, 
for Professor O. H. Darwin has shown that such 
a swarm would have nearly the properties of a gas. 
On either assomption the mass would contract by 
its own gravitation, and the angular velocity gradu- 
ally increaeing, the centrifugal force would in time 
flatten the spheroidal mass at the poles. From this 
flattened spheroid Laplace thought that rings would 
be detached at certun intervals, and that tiiese rings 
consolidating, would eventually form the planets and 
satellites as we now see them. 

It has been shown, however, by Professor F. R. 
Moulton, that the matter detached from the rotating 
gaseous spheroid would be " shed continually," and 
that no separate rings could be formed. This would 
occur whether we consider the original mass to have 
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been gaseous or compoeed of meteorites. But sup- 
t)osmg the rings to have beeu, by some miracle, 
detached from the parent mass, we should expect 
to find that the plane of Mercury's orbit would 
deviate less than the other planets from the average 
plane of the planetary system ; aJao that the orbits 
of the "terrestrial planets," Mercury, Venus, the Earth, 
and Mars, would be less eccentric, that is, more 
circular, than those of the outer planets. But the 
known facts concerning Mercury's orbit are qmte 
opposed to these condttsions. The inclination of its 
orbit to the plane of the ediptio (7°) is greater than 
any of the large planets, and the eccoitricity of its 
orMt (0'20) is only exceeded by that of some of the 
minor pliuiets revolving between Mars and Jupiter. 
Further, Moulton shows that the distiibntion of 
masses among the planets of the solar system 
indicates that the original nebulous mass must have 
been very heterogeneous, and not homogeneous, as 
Laplace's theory postulates.' 

There are nmnerous other difBculties connected 
with Laplace's hypothesis, and many attempts have 
been made to overcome them. But tdiese efforts have 
proved only partially successful, and for some years 
it has become increasingly evident that the hypotheslB 
most be abandoned for something in better agree- 
ment with modem telescopic discoveries. The idea 
tdiat the Janets were formed by the condensation 
of ^rings detached from a nebulous mass is an hypo- 
thesis for which we find no warrant in the heavens, 
Laplace's idea of a nebular hypothesis was probably 
si^gested by a consideration of Saturn's rings. But 
modem researches on tidal action tend to show that 
■ Attrophyimd Joumai, TStmh, 1900. 
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this wonderful system was not originttUy formed as 
a ring left behind by Saturn daring the process of 
condensation from the nebulous stage. More pro- 
bably the matter composing the rings was originally 
separated from the planet in one mass. This mass, 
being too close to Saturn to consolidate into a 
satellite — being within what is known as " Roche's 
limit" — was torn into fragments by the force of 
tidal action, and its particles were scattered round 
the planet in the form of a ring (or rings) as we 
now see it. On this view of the matter the course 
of events was exactly the reverse of what was sup- 
posed to have happened in Laplace's hypothesis. 
Instead of a ring being first formed, and then a 
number of small satellites from this ring, we most 
conclude that a mass of matter was first detached 
from the partially consolidated planet, and that then 
this mass was broken up into small fragments by the 
enormous tidaJ action of the central mass. 

We see in the heavens numerous forms of nebiiUe 
-spiral nebulse, planetary nebulee, etc. — bat there is 
no really good example of a ring nebula. Those which 
have been termed "annular nebolsa " are most pro- 
bably spiral nebulfe seen foreshortened. Of the 
numerous nebuhe recently discovered with the 
Orossley reflector at the Lick Observatory, it has 
been found that "a large proportion are spirit 
and that practically all the epirals are lenticular 
or disc-shaped. Many of them are relatively very 
thin." * At one time the photographs of the great 
nebula in Andromeda were thought to show signs 
of ring formation, but Dr. Robwts, descriMng his 
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photograph of this wonderful nebnlA) says, " That 
this nebula is a left-handed spiral, and not annular, as 
I at first suspected, cannot now be questioned ; for 
the oonvolutaons can be traced up to the nucleus, 
which resembles a small bright star at the centre 
of tiie dense surrounding nebulosity." Even the so- 
called "ring nebula" in Lyra, which is sometimes 
adduced as an example of ring formation, was foimd 
by Professor Schaeberfe, of the lick Observatory, to 
be " a two-branched spiral which commences at the 
central star, and in a clockwise direction emerges 
on opposite sides near the minor azis." > Even the 
apparent ring form of this nebola seems to be ficti- 
tious. Instead of being annular in aliape, it appears 
to be a hollow spheroid, the ring representing the 
Uiicknees of the shell. To any one who still persists 
in maintaining the hypothesis of ring formation in 
nebulee, it may be said tliat the whole heavens are 
against him. 

It has always been difficult to imagine how tings 
could possibly have been formed from the parent 
mass, considering the extreme tenuity of the original 
nebula. Computingfromthe total mass of the bodies 
composing the solar system, the density of the 
primitive nebulous mass — supposing it extended to 
the orbit of Neptune — would have been almost in- 
conceivably small. The density of atmospheric air 
would be millions of times greater, and how rings 
could be formed in such a tenuous gas has always 
been a serious difficulty in the discussion of Laplace's 
hypothesis. But there is a still more fatal objection. 
The original idea was that the detached "rings" 
would at first break up Into separate masses, and 
■ NcUwre, AogOBt 6, 1908. 
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that these fragments woold afterwards — by their 
mutual attraction — consolidate into planets. But 
Moulton has shown by a mathematical Invest^tion 
" that the tidal forces coming from the interior mass 
would more strongly tend to scatter the material 
than its gravitation would to ga^er it together into 
a idanet. Consequently, a ring could not even start 
to condense into a planet." 

Compelled therefore, as we apparently are, to 
abandon Laplace's nebular hyiwthesis in its originiQ 
form, are we therefore obliged to relinquish all 
attempts to expMn the formation of suns and solar 
systems from the consohdation of gaseous matter? 
By no meuis. The beavena, which are clearly 
against Laplace's hypothesis, are strongly in favour 
of a new theory, a new cosmogony, which will pro- 
bably stand the teat of mathematical analysis. This 
is the evolution of suns and systems from s^nral 
nebulffi. Of the half-million nebulEo discovered by 
the Crossley reflector, a large proportion are spiral, 
and the study of these remarkable and interesting 
objects will probably form an important part of the 
work of future astronomers. 

Laplace's original nebula was gaseous, and a 
gaseous spectrum shows bright lines. But the 
spectrum of the spiral nefouhe is contimtoua, indi- 
cating that they are partially consolidated from the 
gaseous condition. We can therefore easily imagine 
that masses might be thrown ott or detached from 
the parent mass by the centrifugal force of the 
rotation. This seems much more probable than the 
formation of rings from a highly tenuous nebula. 
Photographs of spiral nebulae show us masses in the 
act of being detached from the spiral branches. This 
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is particnlaFlynolaceaUe In the accompanying photo- 
graph, in which we see the process going on before 
our eyes. 

The theory of the evolution of suns and solar 
syatems from spiral nebulse has recently been investi- 
gated mathematically by Professors T. 0. Ohamberlin 
and F. R. Moulton. This investigation consists in 
an attempt "to test, by an appeal to the laws of 
dynamics, the consistency of the ring theory with 
known phenomena. Contradictions were uaiformly 
found, and in some cases the results were so con- 
clusive as to compel us frankly to abandon it as an 
untenable hypothesis." ' An outline of this new 
cosmogony, ctdled by Cbamberlin the " planetesimal 
hypothesis," and which certainly seems a great 
improvement on that of Laplace, may prove of 
interest to the general reader. 

The origin of the nebulous mass from which the 
solar system la supposed to have been evolved was 
not considered by Laplace. He aaaumed its existence, 
aaid then proceeded to show, as he thought, how the 
sun and planets might have been formed from it by 
the consolidation of the nebtilous matter in the 
course t>f ages. As we have seen, his hypothesis 
has broken down badly, and something else must 
be substituted for it if we are to retain a nebular 
hypothesis in any form. The origin of spiral nebulse 
is, of course, unknown, but of their existence there 
can be no doubt. Photography has fully confirmed 
the discovery originally made by Lord Bosse with 
his giant 6-feet telescope. They are very numerous 
in the heavens. Professor Keeler tiiought that pro- 
bably one-half of the nebulse found with the Crossley 
' AttnphytiMl Journal, Ootober, 190S. 
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reflector axe spiral, and that "any Bmall compact 
nebula not showing evidence of spiral structure 
appears exceptional." Spiral nebulsa were, of 
course) unknown to Laplace, and, had he known 
of their existence, we should probably never have 
heard of " ring formation." 

A spiral nebula may possibly have been formed 
by the " grazing collision " of two solid masses, or by 
the near approach of two bright stars. Supposing 
the near approach of a large body to another of 
larger size, the effect on the latter body wonld be 
the prodnction of a gigantic tide on the side tnmed 
towards the approaching body, and another tide of 
almost equal size on the opposite side. These tides 
would produce explosions and eruptions of nebulous 
, matter from the interior of the star, and Moulton 
shows that the ejected material wonld assume the 
spiral form. This has also been shown by Herr 
E.'J. WUczynski, of Berlin.^ Now, it is a remarkable 
feature of spiral nebulae that the spiral branches 
(usually two) almost invariably issue from 1^ central 
nuclens at diametrically opposite points, thus agree- 
ing with the new hypothesis. The spiral nebulffi 
which we see in the heavens are, of coui^, con- 
structed on a colosBal scale, and probably represent 
a stage in the evolution of star systems rather than 
solar systems like ours. But the principle would be 
the same in both cases. 

In Chamberlin's " planetesimal hypotheeia" the 
original nebulous mass " must have spread out In the 
form of a relatively thin disc," and instead of being 
hconogeneous, as in Laplace's hypothesis, *' it may 
have had almost any degree of heterogeneity." In 
> Aitrophyaieal Journal, vol. i (1B96), p. 98. 
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tills theory fluid pressure, which was of fundamental 
importance in Laplace's hypothesis, is of minor 
consideration, and "no general shrinkage with loss 
pf heat " plays any part in the evolution of planets 
tram the pu^nt mass. 

Moulton shows that on the new theory the result- 
ing planets will all probably revolve round the 
nucleus in the same direction as the original rota- 
tion, and that the planes of their orbits " will nearly, 
though not exactly, coincide ; " also that the orbits 
of the larger planets will show smaller deviations 
from the general plane than those of the smaller 
planets, like Meroary and tlie asteroids. This we 
know to be the case in the solar system. He shows 
that the present rotation of the aun is due to the 
original rotation of the mass from which it was 
formed, combined with the disturbance caused by 
the body ivhich approached it, and that the more 
rapid rotation of the sun's equator is due to the same 
cause. He also shows that the larger the planet, 
" the more nearly circular in general " its orbit would 
be ; and this also agrees with the known facts of the 
solar system. Thb orbits of the so-called " terrestrial 
planets " Mercury, Venus, the Earth, and Mars are, 
on the average, more eccentric than those of the 
large planets Jupiter, Saturn, Uranus, and Neptnne ; 
and those of the small minor planets between Mars 
and Jupiter are still more so. 

With reference to the rotations of the planets on 
their axes, Moulton shows that these woidd probably 
be direct, that is, in the same direction as the orbital 
revolutions, and that the inclinations of the axes of 
rotation to the planes of the orbits might be different 
l((p different planets. Any well-marked deviation 
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from the general role might be expected in the outer 
pl&netfi of the system. This we see in tiie case of 
Uranus and Neptune, which have always been stumb- 
ling-blocks in Iiaplace'a hypothesis. We should also 
expect) he thinks, " to find the larger planets rotating 
more rapidly than the smaller," ae we know to be 
the case. 

With reference to the satellites, the direction of 
their motion round the primary may, on the new^ 
hypothesis, be either direct or retrograde, according 
to circumstances. Retrograde motion might be ex- 
pected in satellites very remote from their prunarT, 
and revolving in orbits of high eccentricity. This is 
the case with Phtsbe, tiie recently discovered ninth 
satellite of Saturn. The position of the satelUtes of 
Uranus could not have been predicted by the new 
theory, but Moulton thinks tiiat "they do not 
definitely contradict it as they do the ring theory." 
A satellite might also, on the new theory, revolve 
more rapidly round its primary than tiie planet 
rotates on its axis. This is the case with Fhobos, 
the inner satellite of Mars, which revolves round the 
planet in 7 hours 39 minutes 15 seconds, while Mars' 
period of rotation on its axis is 2i hours 37 minutes 
22| seconds, or over three times as long. This tin- 
usu^y rapid rotation of a satellite formed another 
objection to Laplace's hypothesis, but it seems to be 
consistent with the new cosmogony. 

With reference to the so - called " moment of 
momentum " of the solar system, Professor Cham- 
berlin has shown that the greater portion belongs 
to the planets, and that Jupiter alone contains about 
05 per cent, of the moment of momentum of the tVtal 
mass within the orbit of Saturn. This is, according^to 
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MonltOQ, "an inevitable consequence of the spiral 
theory, but, on the contrary, the whole question of 
t^e moment of momentum is a rook on which the 
ring theory breaks." 

According to the new cosmogony, the outer 
portions of the matter cgected from the original 
body would evidently be formed from the surface 
portiona of the star, while the matter which followed 
would " come mainly from .the lower depths," and 
wotild probably cansist of materials of greater density. 
The smaller planets stould therefore be cool and of 
high density, and tiie l^^r planets hot and of small 
deoBity. This also agrees with the known facts of 
the solar system. The average density of Mercury, 
Venus, the Earth, and Mars is about ^ (water = 1), 
while the mean density of Jupiter, Saturn, Uranus, 
and Neptune is only 1'08, or about that of water. 
We know that the earth is cool, and that probably 
Mercury, Venus, and Mars are ao also, while there is 
good reason to suppose that the large planets are in 
a highly heated condition. 

On the whole, Moultou concludes that " the spiral 
theory is even now a good working hypothesis." It 
seems to explain satisfactorily all the observed 
phenomena upon which the ring theory was based, 
and many others which are in contradiction to La^ 
place's original hypothesis. " Nothing has yet been 
found which seems seriously to question its validity." 

The new cosmogony will, of course, raise many very 
difficult questions in celestial mechanics, and will 
give a considerable amount of work to mathematical 
astronomers before it cim be placed upon a saiis- 
f a«)tory basis ; but the work which has been already 
^ne by Chamberlin and Monlton shows clearly that 
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the epiral theory is far saperior to lAplace's nebalar 
hypothesis, which shoald now be definitely abandoned 
and consigned to the limbo of unproved theories. The 
heavens show ns thousands of epiral nebulse which 
are evidently in a state of rotation round a central 
nucleus, but which will probably take ages before 
they have finally consolidated into suns and solar 
systems. But ages are but moments in the evolatiou 
(k the stars, and we need not expect to find much 
evidence of rotation and consolidation during the 
brief span of human history. Empires rise and fall, 
dynasties are founded and dissolved, but the heavens 
move on in their silent course, and the human race 
will probably have perished before the universe has 
reached its final destiny. 
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Daventr y'B ___ 

A Sowar of Wbeat. C 
Atnalle'a Jn-Iu. Cn: 



BOCCACCIO the Decamemn 

Portrait Pott 8vo. cloth, 



BODKlN<McD.,K.C.)> Books I 



Patiey the Omadaun. 



Ill ST. MARTIN'S LANE, LONDON, W.C. 



d RICE, Novels by. 



tlsad«-HoD«r MoFtlboy. 

Tba Coldea Bumarny. 

Hy Little Girl. 

With HBFp and Crown. 

Tilts Sod of Vulcan. 

Tba Monks of Thelema. 

By Oella'B Arbour. 

T&e Ch&plaln of tbo fleet. 

Tba Beamy Side. 

The Ckie of Hf. LucraK. 

Twas In Tpatal|!ap'« Bay. 

ThB Tin Years' Tenant. 



All Sorts and OondlCtons at Han. 

The Captains' Boom, Sx. 

All In a daman Fair. IVlth 6 Illut 



Unola i. 



er Stocie 



Children or Oibeon. 

The World Went Very Well Then. 

Herr Panlns. 
Tba Bell of St. Paul's. 
Por Faith and Freodoni. Wiih 
musts, by A. KoBESriEH and V. Waduv. 
To c:ali Rer Hlne, &•:. With g lllus' 

The Holy Rose, Ro. Wiih Fmnlispiece. 
Armorelof Iiyonasse. With 12 liJus- 

Bt. Katharine's by the Toner. 

Verbena Csmallla Btephanotis, 



In Deaoon's Ordsps, Hi. Wi 
The Bevolt of Han. 
The Master Craftsman. 
The Oily of Betng e. 



Bt. Katharine's by the Tosen 
The Heb el Quoen . 

LiHGE TYPE, >-lNB PAFtR EDITIONS, poll 

810. clDlCgl't top, ^,. oct each ; lealher, 

BiUediles.jineltach. 
All Borts and Oonditions of H«d. 
London. 

Blr Riahard IKhittlnfton. 
Oaipard de Colltfny. 



iESANT (Sir WALTER), 

Novel* by — toHlmuiil. 

All Sorts and Conditions erf Hen. 

The Golden Buttarflv. 

Ready- Honey HoFllboy. 

Tbe Chaplain of the Fleet* 

The Honks of Thalema. 

The Orania Girl. 

For Faith and Freedoni, 

Child ren of Oibeon. 

Donittay Forstar . 

London. With uj ll'lustutioai, 
Westminstar. Willi EtchioE by R S. 

IhElchloeby F. S. 



South London. 



Hay E 
The Bnle tfy of Richard Jefferiea. 

Fifty Yeus^AA 
Oaapard de Go - 
Sir Blohard V 
The Gharm, ; 



^'«o!'^^;ih'Ci!i: 



, Wllh JO llJiulia 



Alt of Fiotlon. 



Front]spi«e. small demy Svn, buckrani, 

The Baal Blake ; A. I'orlrall Blnaraphy 
by E. J. Ellis. WUb 13 IlliuUaUoii'. 

WlUlamlBlake i a Critical Study 1^ 



. Colombler fi^a, 



BOYLE (FO. Works by.' Post 



ir Kekky EUJS. Cruwn 



,_ , , Google 



CHATTO & WINDUS, PUBLISHERS, 



BRBWER'S (Rev. Dr.) DicUoO' 

ThsRaB.dep'BllHindbooko[FSbDioIII 
Namaa In Flotton, AIIubIohs, 
ReterenahB, Proverba, Plots, 
Storlai, »nd Po. 



BREWSTER (Sir DAVID), 

Work* by. Posi Svo, cloth. 41. W. each 
More Worlds tbr- " "— -■ "' 

TlM Hartyra 01 I _ _ 

TvcHO Braub. and Kepler. 
lottan on Natural Ha^la. Wltb 






CAMERON (Commatider 

LOVETT). — The CtuIh oI 
■Bluclt. Prince' Privateer. Cr. 



CAINE (HALL), Novels by. 



The Compieto Poetical VTorka ot 



tlobept Buebanan. 






illualral«f boards^ 1 

Tba Bhadon of tbe Svord. 

A Child or Natnire. 

God and tbe Han. Witb 11 lUuslra 

tiona by F, Barnard. 
Lady KllpatFlak. 
The Marty rdom of Hadeltno. 
K.OVS HelorHver. 
Annan 'BraCeT. I Foxglaira Manor 
The Hew Abelard. | Raohel Dana 



Bed and Vhlta Heather. 



Popular Ecitions, ineamm Soo, 6rf.«icli. 
The Stiadon of tlie Snord, 
God and the Man. 
Foxglove M anor. 
The Charlatan. i;y KoBERTBucHAKAti 



BURaESSi;aELBTT| and WILL 

■ltWl^. — Tb* Plcareona: A San 
FrandKo NtzhCi Enterlalameat. 



CARKUTtl (HAYDEN). — the 
Adventarca «l J«nes. With 17 lUns- 



CHAMBERS (ROBERT W.), 

StorlH ol Paris Die by. 
The Klne In Yellow.^ Crown Iva, 

In theOiiarter. Fc 



CHAPMAN'S (QEOROE} Works. 

Vol ].. Piaya Complete. IncluiUne the 
DoubHul Ones.— Vol IL, Poems and 
.ilnor Translallans, with Essar by A. C 

he Ilbd lad Odyssey. Three Vola., 



CHESS, The Laws and Practice 

ol. With an Analysis of the Openings. 
By HOWARD Staunton. Edited bj 

Tbe Minor Taotloa of Oheu : A 



Fcap'W clolh, !i.6rf. 
TbeHaitlntfaCbaaa Tooni amant. 

played" A"fttsepl?i8?s.'"flmh'Ao™ 
tions by PiLLSBURT, Laskeh, Tarrascr, 
STBJNITE, SCHIFFBRS, TUCHNANN. BAR- 
DKLSBEN BLACgBOBNB. 

TIN9LEV, Mason, andALsm : 



in ST. MARTIN'S LANE. LONDON. W.C. 



CHAUCER for Children : A Qol- 

8 Coloured Vlatei and 30 Woodculs 
Cb&Qaar for Elohoola. witb the Ston 



PikTil Fomill. 

Why Panl Farr oU Kllladlil ■ W Ifa. 

CLAKE (AUSTIN), Stories by^ 

Fop th« IfOT * - ' — '""■ "■■" 



a «r K IiBSB. Post 



By Che Slae of the Slvep, Crown 



COLLINS (WILKIE), Novels by. 

Cr. Svo, cl., 3J- 6d. each ; pgat Svo, plcLuis 

Antontna. | Basil. { HldeKOdSttek 

The Woman la While. 

The MoonatBii " ' " 



CLODD (EDWARU). — Myth* 



The Cdfb of Boals. Post 

The Bed Sultan. Crown 
JJ. 6a. : post Bvo. lllmlraled b 

The Burden of Iiabel. ' 



Illastratlona of TennyBon. 

J onathan Swi ft. ^__ 

COLLINS (MORTIMER and 

PRANCES). Navels by Cr.Svo, 

From WdnlKhtto Midnl^ci 
YOD Play me False. 
Blaeksmlth and Beholwr. 
»h« Iftlla ^e Comedy. 

Post euo. illuslialed bojrdJ, n. (»cb. 
Tvananil£ratlon. 
A Fl^t with Fortane. 
Sweet Anne Page. 
Sweet a nd Twenty. 1 Franoi 
COLMAN'S (OEORUE) Hunio 






tiationa In Three Colours bji Heuin'al 
Eahhatt, A.R.W^ Fcap. 4'o. rioili 
.Qi.6rf-neL [Ma™ 

The Ootonr of London, By Re 
W. 1. LOFTIE, V.% A. WLlh latroduotlo 
hy U, H. SpieuianM, F.S.A.. and lllu: 
IratloM in Three Colaiira and Scpl 
by YOEHIO Jl»RKlKO. who also lappJii 
a deacHpUve chapter. Fcap. 4(0. c(ni' 



IIEGINALD BAHRA' 
4lo,ctolh,JOi net. 

The Rhine. By 



, A.R.W5. Feap. 
. }. Machndkh. 
IDINE. Fcap. 4(0, 



After Dark. 



Ho Name I Hy HlsoellanJe: 
Armadale. | Foor Hiss Flor 
UiBS or Hfb.?| IhaBlai' ~ 
The Hen Hagdalen. 



ROtM. 



Frosen Deep. | A Boguo'a Life. 

The Law and the lAay. 

Toe Two DestlHlei. 

The Haunted Hotel. 

The Fallen Leaves. 

Jezebel's Daugnter. 

Heart and aolence. | 'I Say Ho." 

The BtII Qenlus. I Little Novels. 

The Legacy of Cain. | B lind Love. 

The vroman In IShlte. 
Moonstone. | The New Hagdalen. 
The Dead Secret. I Mo Name. 
Han and Wife 



The Woman In IBFhlta. Labue Type. 
Fink PAPtK EDITION. Pott Bvo, elolh, 
Rilt top, II. nel : lealhir, gilt edges, 31 nel. 

The Frozen Deep. Large ttpk Euit. 



COLQUHOUN (M. J.).— Every 

Inch a Spldiar.^ Crown 9vo. doin, 



The Queen can do no lITrong. 
To Defeat the Bnds of Justice . 
COOPER (E. H.).— QeoHory 

Ham lHon. Cn>wn Bvo. clolh. 31. 6rf 

COKNiSH (J."F.).— Sour Grapes. 



of the West of E 



CHATTO & WINDUS, PUBLISHERS, 



MoUOt&illB. Crown Sin. cL< 

Hl» yftnl'thad Btar. 



CltESSWELL (HE^NKY). 

L»Jy of Ml»rul«. Crown 8vn. c 

CRIM (JHATT).— Adventurer of 

■ PatrRalMl. Cro«navo,e' ■■- -- '-■ 



CUAtMINQ (C. P. GORDON), 

Workibr- Derny8vo,ol«h,6..Mi:h. 

InthaHebFldas. Wuh 14 IliuscaCious. 

In tb« Hlmalay*! uid on the 
Ini»uiPlalna.\viili<2iau«lra(i<>ns 

Tao Hapnr Yaara In Caylon. 
_Via Cornwall to Egy pt. Ftp p tis. 
CCSSANS (JOHN E-lT— A Hand- 
book ol nemUty; indudtne initruc- 
llops tor Tiaclnfi P«lii!r«3.Decipb=rliJE 
Ancient MSS_ fc. With 40S WuqdcuW 
andiCoM. Plain. C " ■ '■- ' 



CROCKETT (S. R.) and others.- 

TalBi of our Coast. By S. 1 

r, GlMlKRT PAIKER. H'ROl 



CROKBR (Air*. B. M.)," Novels 



PMtty M^sa'Havllle. 

A Bird of Fattaga. | Hf. JsfifIb. 

Diana BaFFlugton. 

Two Hatters. I IntapfoFenoe. 

A FBmtly Iilkenett. 

A ThlFd^oPson. | PropsF Pride. 

Vtllaee TaleaaJaDtfle Tr&fedlea. 

•ni.- A-^1 ■ «^» ail.?.. 



In the Kingdom or Kerry; 
Mlu Balmalna'i Past. 
Jason. I Beyond the Pale. 

TeFenca. With 6 lllusls. hyS. Paget. 
The Caft-mw. Willi ji llluslrations 
by Keep Peqrau. 



PopuuiH Editioss. medium 
Dtana Bnprlntfton. 
pretty Hlaa HevUl*. 
A Bipd of Panaga. 
Beyond the Pale. 
A PamllyJ*" 



CRUIKSHANICS COMIC AL- 

MANACK. Complet* in TIVO Sehies 



UIESHANK. LjkNDElLS. &c. Two 

rown 8vo, cloth, ;j. 6d. Mch. 
e of Oeorga Crnikahank. 



~Bi^ 



DAVENANT (FRANCIS).— Mints 

for Parents on tbe Choice of ■ 
Profession for tbelr Sons when 



DAVIES (Dr. N. E. YOKKE-). 

Odo Thousand Hedloal Hajdlne 

and SuFgloat Hints. 
NuPBsry Hinta: A »l other's Guide. 



Atda to I^ng Ufe. 



DAVIES' (Sir JOHN) Complete 

Poetical Works. Edited wtlli Notes, 
by Rev. a. R Grosart, U.D. Tko Vols., 

DEAKIN (DOROTHEA), Stories 



DEFOE (DANIEL). — Robihi 



ION. PottSvi 



IB Paper 



DE " QUERIN (MAURICE), Tbe 

Jouraat of. With a MEmolrbySAiNTii- 

DE~M AiSTRiE"~TXXViieRi:=^ 

Journey Round tny Room. Tnnil. 



DEMILLE (JAMES).— AStrange 

Msnoscript toond In a Copper 

llfitEl rat ions by GlLBEBT GAUL, 3i. 6d. I 



Dl^VONSHIRB SCENERY, The 

nistoryol. By Arthur W.ClaVdin, 
U.A. With lUiu Demy im, cI,K>>.&^ Bet. 



in ST. MARTIN'S LANE, LONDON, W.C. 



DB WINDT (MARRY).— Through 
tha Oold-n«lils or AlBalt& — 
Bepin^ fltnlM. Wllta Map am! 



Pkkct Fitzgerald. F.S.A. 
traits; ■ " . - . - 



Edittd and Ann 



Diokeni. 



Tba Poakat Charles Dlokeiia •.M" 

R Hyact. "6ml"lolh!"m top, 21. nd 
leather, grit tcp, 31 net. 

DICTIONARIES/ 

The ReMleP'a Bandbooh c 
Famoas Names Id Flotloi . 
Allaaiona, RefeTonces, Pro- 
Tarba,Plota,Btorlei,KnaFo- 

By Ktv. E. <i. BREWEH, LL.D, C 



Mlranlaa, 



A DictloiUFir c 

Rev. K C. Brewer, L 
tloth. 3j. 6d. 
Familiar AUaatona 

FamllW Short BaylngB of Oreat 

Nol*B'l>yS«UDELA.I)BSI. A.M. Crowi 

TbealantfDloIlODapjr; Elnnalaglcal 
Historical, and AaecuotaL Crown ilva 

Wordii, Facta, and Pfaraaw: f 

oC-lhc-Way Uatlers. By Rliezei 



Four PpeDOhvomeu. Wiih 

Porlralla. 
Bltfbtaentta Centary Vl^nettsL 



A Paladin of Philanthropy, and 
other Papora. With ijliutir^i' — 
Slde-walK Btudlaa. wni. n m 






cloth limp. u.M.eatli. 

I I.lnk by Link. 

Caught at I>aat. 

Suspicion Amu Bed 1 

Traoliod and Takon. 

Who Poisoned Hetty Dnnaan7 

In the Grip of the Iaw. 

From Information Reoelsed. 



Crown Bvo.cloin j.. 
Tyler Tatlook.prlve 
Deacon Brodle : i>r. E 



Cnronlol es of Mlohael Danevltoh. 
The tlooorda of Vincent Trill. 

Ct. Svo, d , 3J. «. : piciorecL.flat bli.,1.. 
The Han> Hunter. Post Svo, illustrated 

T&les of Terror. Ctonn Sto, cloth, 

Dark Deeds. Crown Kvo, cloth limp, 
u. 6,1. : picture eloth, flat bacH, sj. 

Wanted 1 Crown 8vo, picture eloth, flat 
bacb, 2j.: put Svo, Uiustratedhoaidi, 2s, i 



DRAMATISTS. THE OLD. 

'Edited by Col. CDNNINGHAH. Cr. Svo. 

iloth. with Porlra'lj. Jj. W. per Vol. 
n Jonson'a Vorks. with Note^ 

Vllif.n] and PvnL3n:ilnrv and a Hin- 

I GirroKD. 

, Voia. VoL 

!. cuntains the Hap complete; Vol. 11, 
Poems and Uloor Tianslalioiu, wllh id 
Eisay bj A. C, Swnmtmi™ i VoL III, 
TTanslalloDit of (be Iliad and Odyiuy. 

HArlowe'B Work*. One Vol. 

MaistnJter'B Plays. Frum Gifford's 



?hrte'v< 



DUNCAN (:*ARA JBANnblTb, 

Book* by. Cr, Svn. cloth, Ji. M. each. 

A Social Departura. with iii 

An Amerloan QIfI in lK>ndon. 

The Simple Adsentures of a 
Mam aahlb . With a; lu uatfations. 

A Dantf hter of To- Day. 
_Vemon'B Annt . With 47 I llintraHon t. 

DUTT(ROMESH C.).— EnKlsnd 



.ooj^lc 



CHATTO & WINDUS, PUBLISHERS, 



EARLY ENGLISH POETS. 



Vl«tcbsT'> (OllM) Poenui. On. 
Davt«a' (KIf Jolin) Complatc 
Paatloal Wopfca. TwoVoH, 



EDWARDS (ELIEZER). Words, 



EQQLESTON 



ENOLISHAIAN (An) la Paris: 



EN<]LI5HMAN'S HOUSE, The 



CoJouccd Frontisi^Ke ; 



FAMILIAR ALLUSIONS: Mis- 

biated StUoes, ('ahitineg!' YilKa. 
Country Scats. Ruins. Cbuicbes, ~ 
SlrMta, Clubs. Natural Cunosiilt 



FARADAY (MICHAEL), WOtKd 

by. Po« gvo, cLotb^>. M. each. 

Xlie Ota«inloal HUtorr of 
ORndle : Lectuies delivered belot 
Jalenlle Audience. Edited by Will 
CrookbS. F.C.S, WUb numecoHsllli 

On tha TavlODS Fofobs otNature, 



FARRER (J. ANSON).— War: 



FENN (Q. MANVILLE), Novela 

bj. Crewn 8to. cloth. Jj. 6d. each ; 

post Svo, lllustcaled boardi, u. each. 
Xtae Hew Mlatpeu. 
WltDflBB to the Daad, 
ThaTttferI.lly. 
Xha Whl ta vfrgln. 

CrowD 8vo. dolh, 31. 6d. each, 
A Woman Worth Winning. 
Cnriad by a Fortuna, 
The Oaaa of Allsa Qny. 
Commodate Junk. 
Blank Blood. j In Jaopftidr. 
Doubla Gnnnlntf. 
A Fluttarad Doveeot*. 
KlDtfottbaCaatle. 
ThaVaatar of tha 
Tha Story of Antony QnMU 
Tha Han «lth a Sbadow. 
One Hald-B HtaotaiBf. 
Thla Mans TB\tt. 
The Batf ofDlunonda,and 

Blta Of PaitA 
Sunning Amolt. 

Black Shadows. 



Tho Oankara 

Ba Like a Woman. 
A Crimaon Crime. ( 



FlREWORK-MAKlNa.TbeCom- 

Tteajury. By Vhomas KiNTiaH. Wtih 



Fatal Sero. 



Polly, 



Bella Itaana. , . . 

The I,ady of Brantome. 

Never FoFCattan. 

The Seoond Mrs. Tlllotaon. 

aeventy- fl»a Brooke S tr— t. 

The Ufa of Obarlea Dlokeni as 
RevcalMl la bli WriUnsi. With 
Portrait, and FacsimilCT, 1 yols. demy 
8V0. cloth, 311. neL 

The Life of IiaDvenoe Stena* 



PLAMMARION (CAMILLB). 

Works by. 
Popular Anronamy. Translated by 



Tbandar and Lttfhtniii^. 1 

lated b»WALTKH MOSTTJiTWith 



FLETCHER'S (QILES, B.D.) 

Complet* PoMiu : Clirist's Vlclorleln 
Heaven, Vietorie on Ea^^^ Triumph over 
I>eaUi:wlth Ulooi Foenu. Nota by 
RcT. A. B. Okosabt. Cr. Bio,cl, }>. M 



Ill ST. MARTIN'S LANE, LONDON, W.C. 



FORBES (Hon. Mrs. WALTER). 
PRANCILLON (R. E.). Novel* 

s-';-,ir ' ■■"* 

timna liU SliBdai 
BvvaaofSwd. "'"- ' 

PosISto, llluslral ... 

Snaan OophataK. I OlympUt, 
onutnoai of the Law. 

KlnfovKn&n? 

itMh Doyla's Danfbtar. Crovm Bvo. 



aiBSON (U SO. Novels by. 
Vbe Freenuuoiii. i Barnt Bploaa. 



FRVS (HERBERT) Royal 

Quids to tb> London ClMrltlo. 

Edited by JOHN Lane. Publlilied 



QARDENINO BOOKS. PostSvo, 

U. each ; cloth, 11, 6d. lach. 
A Taar*! Work Is Qardan and 

HODtabold HoPtloalture. Bj Tou 

Tba aarden tbat Md'uia Rant. 

Oar Kltotaan Ganlan. 



QILBERT'S CW. S.) Orlslnal 

Plays. In3S<xles,pi«tavo.ai.6j(ach. 

The KiRST Series coDlalns : The Wiclwd 

World — PygnliUaD and Galatea — 

Charily— The PrinctM— The Pilaoo uf 

rht SECOND Series contains: BroI»n 

Or^^hiiT- D^l Dmce^^onf '"Sibb 
— H.M.S. 'Knafore'— Tht Sorcerer— 



QAULOT (PAUL), Books by. 

The Sad BlilFtai A Tali oi T 
Terror.' Traiulated by JOHK PE Vl 

piece bjj Stanley Wood, 31. W. ; pielu 



aERAL\N POPULAR STORIES. 

St«l PlalH after George Ckv'i'ksuakk, 

QIBNEY (SOMERVILLEJT 

SmUnceCl Crow- Svn rirOh t b 

GIBBON (CHARLES;, Novels 

by. Crown 8to, clolh, jj. 6d --'- 
post Svo, iUiutrated boaidi, aj. ts 

Til* Galdan B&aft. 
Tha Flowar of «ba For«at> 
Ttaa Braas of TarroK. 
Ot HtOi DafFaa, 
Omen oftbe Meadow. 



QIBBON (CHARLES), Novels 

hy-cmUnual. 

PobI Sifo, illuBtrated boards u. eacti. 
The Dead Heart. 
For IdMk of Gold. 
Wbat Will tba World Say? 
FOF the King. | A Utard Knot. 
Id Paatnrei Orean. 
In IioTfl and Iffav. 
A Heart's Froblem, 
By Head and Btream. 
Fancy Free. { Loving a Dream, 
In Honour Bannd. 
Haart'e Dellgbt. I Blood-Money. 



-...iers— TheMrmntebanki-Utopla. 
BUlit OrUlnal Comio Operaa 

wriHen by w. 8. Gilbert. TwoSerlES, 



H.M.S. 'KnaJqi 
i-The Mihadi 



-PatielK 



intaloi : Tbe"Son- 



dollen— The Grand Duke— The Yeomen 
of the Guaid— His Excellency— Ulo|Ma, 
Limited— Ruddleare— The Uountebanlis 
-Ha-tetothe\S}eddiog. 
Tbe Ollbart and SnlllTan Bivtb- 
dayBook: Qualillooi for Every Day 
in ite Year, Compiled by A, Watson. 



OISSINQ CALQERNON), Novels 

A Secret of the NorUi Sea. 

Knlttera In the Bon. 

The Wealth of Halleratang. 

BallolOarth. 

Tbe Dmania of Simon llatMn 



QLENNY (QEORaE).-A Veafa 

Wark Id Oarden and Qreenhousei 

Frame Garden. Poit Bra, i». ; iL U- >^ 



, Cookie 



CHATTO & WINDUS, PUBLISHERS, 



GODWIN (WILLIAM). —Uves 



QLANVILLE (ERNEST), Novels 



HAKE (Or. T. QORDON), Poems 



T&a roaaioMP: A Romance of MMh. 
onalajid. TffoIllu8tt.by HutiE Nisbet. 
a F»ir Cole nUt. Wllb Fronllsplece. 
Tlia Goldan Rook. With Fioatiipleci 
Tales Erom Cba' Void, with' i: 



THEODOBB TAYLOR. Cr. I 



GORDON (SAMUEL], — The 

F«rr7 ol Pots : m Tale of Ri ' 

Jt wnr - *" " '""" ■■ 



StadlU 1 



cloth, 6. 



QRACE (ALFRED A.).— Tales 

of ■ Djini Ran. Cf^ 8vo, cl.. 31. M^ 

GREEKS AND ROMANS, the 

Ltfs ol tbe, dcacilbnl from Antique 
Monumcnle. By Ebnst Guhl and w. 

KOMER. EdLtid by Dr. F. HIIFBFED. 

Wilh M5 lUmla. D< 



GREEN (ANNA KATHARINE), 

Novels bv. Crown Sro, iJolh.St each 
T&e Millionaire Baby. 
The Kmethyat Box. 
TtmWonimB l o the Aloo»e. 

GREENWOOD (JAMES).— The 
PrlBoner la the Dock. Crowr "- 



GUTTENBERG (VIOLET), 

M either Jew nor Groafa. 
The Pow er o t the Palmlet. 
GYP. — CLOCLO. Translated by 
NoRa U. Si4TH*m. Cr. Bvo, cL, r ' ' 



Maiden BoBtaay. 



Jetaam. Cto' 



rlrail by John Pettik. 



Bret Harte'B Choloe Worka in Ptose 
jnd Verse. With Porliajl and 40 Ulus 

Bret Harta'a PoeCloal Works, In- 
cluding SOUE LATIiJi VERSES. Cruwn 
SVD, bjctram, 4i.6rf, 

In a HoUoB of the Hllla. Crown 

Condeoied NoTCla. (Two Series in 



On the Old TpbU. 



Storlea in I>l^t and Shadow. 
=•- '-ih Harnl*-'- "—"-■■• — 



Mr. Jaok Htunlin'a Mediation. 



. HnnsbySl _. 

A Ward of the Golden Oate. Wiib 
J9 lliustiatioiu by STANUT 1. WOOD. 



Ill ST. MARTIN'S LANE, LONDON, VV.C. 



HARTE'S (BRET) Works-cD« 

Crown 8™, doth, 31.M each, 

Suiy. «miiiILlintB.byI,A.Cl.HI9TlK. 
Tb* Bell-BlDtfep of Antfefa. &< 

Clannoa: ASlotyoflhe Americaa Wi 

Barhar'a Luck, &<;. Wittajt) liluain 
ilonsby A. FOKEJTIBR. Padi, Hahdv. Si 

Devll-s Fofd, 4c. With Fnwti.;>iec. 

Tbe Cnuad« ol tba 'BxcoIuof 
WithFroii1Li.byI.BEKNAiti>P>KiRiDni 
- ■" or, TUB BI 



HARKIMS (E. F.).— The Schem- 



ThB Art of Decoraclon. 



OhauOM f»r BchooU. WJlb Fronllc 



HMny Tra* 1 

ionsbvT. GuLiCM. 
I Knd Town. 



Tidaa ttf TmOI 

CondansMI Hovola. 



A ProMtfte of Jack Hamlin'*. 



Tha Lnak of RoAiPlnj Camp, anr 
Seosatlon Novel* Candeniad. 

An H^raaa of Red DoA. 
The Iiuok of Boaplnf Camp. 
Callfomlui Storle*. 

Pnsl Rvo, IDm. bd... «.rach:clolh. Ij. M. Mctl 

Flip. I A Phyllla of the Slerm*. 



HAWEIS (Rev. H. R.).— Amerl- 



WARD, Mark TwjiiM.iDd Bret Harte. 



HAMILTON (COSMOJ, Storks 



Natnva'a Vagabond, So. 



Handwritinq, 

wpbjr ol. Willi c 



The 



HARDY (IZA DUFFUS). NoveU 

The IieaaeF BslL 

Man, Woman, and FatO. 



;r.gill«leM,'3«.ni 
tON, lacdlnia gvo, 



Bliloa Qnantin. . 



D. Polndezier'a Dlaappearanoa. 
The Speotra of tbe Cunera. 



HGALY (CHRIS), Books by. 



The Bndleas Heritage. Crai 



HECKETHORN (C. W.), Books 



Soavenlr*. 



HELPS (Sir ARTHUR), Books 



Ivan da Blron. 



HENDERSON (lSAAC).-AEatha 



HENTV (O. A.), Novels by. 

BDlDb.tbaJngfilsr. DemySvo.clolh, 
<tith I lUustratlTaa by S. L. Wood. Si. ; 



Tba Qnaan'a Cap. 
Dorotby'B DoDbia. 
Colonel Thorn dyka'a 



CHATrO & WINDUS, PUBLISHERS, 



HILL (HEADON).— Zambni the HUGO (VICTOR).— The Outlaw 

Detcctiv*. Crown 8vo. cioth. II. 6d. : of lul.nd. Tr»n.l.i,H hvsir r.,.»..rT 



Detcctiv*. VI 

picttuc clath, flat back, u.: n 

UlnMratKl bta^d^ n, 

hiLL (JOHN), Woilts by. 



HINKSON (H. A.), NovelB by, 

Fan rit^erald. | Bi lk and St— I. 

HOEV (Mm. CaSHEL).— The 

Lover's Cread. " " - 



HOLIDAY, Where to go for a. 

By E, P. JhoLL, Sr H. Maxwell. John 
Watsoh. Janb Bahlow. Mary lovett 
N H. McCarthy, Paul 



H0LA1ES(0L1VER WENDELL), 

Books by. 
Tbil Antoorat of tk« BFMihfeBt- 

-"' • . ■ . J Gordon 



The Bntocrat of tlib Braaktast- 
Tabla and The Professor at th« 
Breakf&st-Tabla. In one vol., posi 



HOPKINS (TIQHEl, Novels by. 



'Tnixt Xiove and Duty. 

The InoampletB AdventDrep. 

The HutfsntB of CarFloonna. 



HORNE (R. HENG 1ST). -Orion. 



Sttntarse.l a'Ttalerinthemgbt. 



Tbe IflllloiialFa HjaMrr. Crown 
Tbs Wbaellnf' U^t. Crowa itvo. 



HUNOERFORD (Mri 



The Pvofesior'e 
Hon Crelna. 
Iiady Vomer'a WUghU 
IdtdT Patty. I Peter-a « 
Ttae^ed-Hoan HysCapy. 
An UnaatiBteotory laover. 
Aprll'e Iiady. 
A^atden All Foplom. 
Tbe Three Qraoe*. 



An Anxloua Moment. 



HUNT (M«. ALFRED), Novela 



The Leaden Casket. 
Self-Condemned. 
Xbat Otber Pepson. 



INMAN (HERBERT) and 

HARTLEY AAPDEN.-ThoTear of 
Kalec. Ciown8vQ, clotta.gUt top,6i. 



INNKEEPER'S HANDBOOK 

ITbs) and Llcenswl Vlctnallsr's 
Munusl. By J. Thevob-Davi«4 



JAMESON (WILLIAM).— My 



DswlSell. PoitSvo, 



:,.;,l,z.db,G00glt' 



Ill ST. MARTIN'S LANE, LONDON, W.C. 



JAPP (Dr. A. H.).-DraiiMtlc 

PlCtnrW. Crown S.o. clQlh. li. 

JEFFERIES (RICHARD), by. 

The open Air. Post Hid, cjotn, ii. 



Katura neap 

biKkram, ts^ ; poic dvo, ci., 2;. thf. - 
Tvi^ FwK Paper Edition, poll 

_ gilt top. u, net : Inthn, si" edacs. ji.ncl. 

The Lies of tba Flelda. >ost 8to. 



FliBlda. >ost 81 
, poll sua. cloth, gill t^, u. Qi 



Tlie Pooket Rloliard J«freMea: 

WriUngs of JEFFERIES by AltssdH 
Hyatt. i6mo, clolh, gill top, 2$. net. 

The Buioiiy of Blohard JaffeFlas. 



KERSHAW (MARIO.-Coloolal 

PsEti and FIctloDi! Knnianiu 
Skelcbu. Post Sva illusttiltd boanU, 
IS. : clath. 2s. bd. 

KINQ (R. ASHE). Novels by. 

'The Wealing of the Opeen.' 
P—Mton'a Blayei I Ball Bappy, 
A Drawn Game. Cruwn Svo. clolh. 



KNIGHT (WILLIAM and 

EDWARD). —Tbe Pillent'n Vade 
Mccum: How to (let Mart Btncllt 
from Medtul Advice., Crown Svd, 



JERROLD (TOM), Works by. 



Oup Kltohen Qapdan: 



LAMB'S (CHARLES) Complete 

> Pn|.|rvfiirr:l.ll(1.(ir!' anrf ■Prinr> Dnni." 



The Euaya of Silia (botb Saiea). Post 



LetlEra by Percy FmsEKitLD. Pust 
STO.clolh, a, lid. 
The Dramatic Beutya of Chaples 



JOHNSTON (R.).— The Peril of 

JONES" (w'illiam,~f:'s;a7), 

Books by. Cr.Svo, cloth, ji.ed.eacb. 
Finger-BlDgl^re: Historical. Legend 



Oromii and Ooronstlont 



JONSON 'S (BEN) Works. With 

Notet and Bia£raphlcal Ucmidr hj 
WtLLiAU GIFTOBD. Edited by Colonel 
CUK.IIHQKAU. Thru Voli. urawi ~ 



LANDOR (WALTER SAVAQE). 

— Cltatloa end Eiaminallon nt 
WlllJiua ShakMpcare, ftc, beFore 
Sir Thomas Lucy.louchingDeer-rteaUnR. 
iqth Seplimber, 15S3 : and A Oonfer- 

anoa or Haater B-" -■ 

Bpeniar wllh tne Earl of Ei 
ingthtalaleol Ireland 
haTt-BonbuTKhe. 3J.M. 






Whiston. Conti 



KEATING (JOSEPH).— Maurice. 



Artutj. Poits% 






Theatrical Anecdotes. Posi svo, 
Huinourottbs Law. PoitS<o,cl.,u, 



Di^ilizDdbyGoOglc 



. CHATTO & WINDUS, PpBLlSHERS, 



LBLAND (C. a.).— A Manual of 

MeDdlDE and Rcpalrlne. With "'- 

LEPELLETIER (EDMOND). 

MwUma Saai-Otne. Translatec 
«. 6d, ; iUuatrated boaida, u. ; Popular 

LESPINASSe, JULIE DE. By 

tho Marques DK S^iTR. Aulh""'"""' 



LEYS (JOHN K.), Novels by. 

The Undiaya. Post eio,iliust.bir3.,: 
A Bora TuupCatton. Cr. Sio, cl., i 



LINDSAY (HARRY), Novels by. 
Bhoda R oberta, j T ha jKobtto. 



LINTON (E. LYNNJ. Works by. 

Aa Ootava at Fptanda. Cccwn Svo 
eloOi, ji. 6^ 



The World IVell I«at. 

Tbe One Too Hanv. 

UndSF whloli IiOFd? With 12 Il'ust^. 

'Hyliova.' | Sowing the Wind. 

Ptiaton Caran. I Dnlole Eluerton. 

irftb a ailken TJiraad. 

Tba Babel of tha Family. 



Bonlntf the Wind. Chkap Ei 

pQStSuD.clnttl, ri. net. 

Patricia KambalL Pofulah 



A Hlaton of the roar OeOFKea 
and of 'William the ronrtb. 

A Hlatonr of Oof Own Times 

Irom llie Accession of Queen Victoria to 

EomON. Four Vols., demy Bio, clotb. 
l!i. each.— Also the POFDLSH Edition, 

Appendix of Events to the cod of 1886. 

a HUtoi? ot Our Own Tlmea, 

VoLV.,(rom iSSo lo the Diamond Jubilee. 

A Hlatopv of Our Osm Xiioei, 

Vols. VI. and VII., (com 1S97 to Accesuoa 

A "short Blito^\t"haT 6m 
Tlmei. Cr. Sto, cL, 61.— AIbo aPopC' 
LAB Edition, paitSro, clolfa timp, a. 6d. ; 

aemlnlH>«DceB. With a Portrait. Twa 

Tho BtoFv of an Irtahman, Demy 



The Reign of Quaen Anna. In 1 Vol. 
A Hlatorrpf the Four CeoP^ea 

and of William IV.,inivai>. 
A Hlatory ot Onr Own Timea from 



m Sco. ctolh. 33 






The Waterdsle Ne^hboura 

MySDemy'a Dautfbter. 

A Falv Bazon. | Linlay Bochford. 

DearliadyDladaln. | TbeDlatator. 

Hiaa Hiaanthropa. Willi 11 musts. 

Donna Qulsote. With la Illustrations. 

The Comet of a Beaaon. 

Haid ot Athena. WIthi: Illustrations. 

Rad Dlamonda. | The Riddle Rlnf . 



The Thre e Diagra oea. | Hononia- 
'The Bl^t Honoarabta.' ByJUsnji 



An batllne of tha Hlatory ot 



:,.;,■ z.db,GoOgIc 



Ill ST. MARTIN'S LANE. LONDON, W.C. 



MACDONALD (Dr. OEOR( 
BTorba at Fancy and Imagination 



MAGICIAN'S Own Book, The: 



(FDHEAUS— Ro*iisiDEPoeus 



MAUIC LANTERN, The, and il 



. Vlll. Thk Lie 

IX. CB053 PU 



A Threefold Cord. Po 
ffeathavandBnow. i 

Llflth.' 'i?"own 8io, elotb 



MACHRAV (ROBERT)^^NoveIs 

A ^low oirai* tiio Heart. 

The Mystery at Lincoln'" Inn, 



Hb> Hononr. 



MACKENNA (S. J.) and J. 

O'SHBA. — Bmvo Men In Actli 

demv SvQ, cloth, gilt edeea, S!- 

SfAClfENZJE (W. A.).- 

Dra»«l Drenm. Cro-vn Bvg,^ 



1S5 PortraltJ bv D 

withUennirsby Wjl 
Ctuwn Sto, clolh, 3!. 6. 



-y Cfaaracteri 



In the Ardennes. V 



^ned lo GoJd and Colou' 



The Hew Panl and VlpfinlA. PoM 

Poemi. Small at", parchment, Sj. 
Is UleW^orthlJTlnit? Cr.8™,='.i6i- 
MALLORY (Sir THOMAS).- 

Mort d" Arthur, Selcctiana from, edited 
b y B. M. RaMKISO. Post Svo, dglli, 31. 

MARdUERlTTE (PAUL and 

VICTOR). Novels by. , „ , „ 

The Olftaster. Translated by F. LekS. 

The Comrn'one.' TranBlated by F. Lek9 
md R. B. Uquglas . Ciowii ^vo.clolli.fa; 



MARLOWE'S Works, includinfi 
Ss Traoslallons. Edited Witt Nnlea hy 

MARSH (R 1 C HA R U). — A 

Spoiler at Men. Cr. 8vq, clolh. jj. bd, 
MASSINQER'S Plays. ^Yoin the 
GijeoHD. Edited by 



MASTERMAN (J.).— Half - a 

JoMn Dnughters. Poal 8vq. bd8.. a 



MAX 0''*ELL,^i>ok* by. 

Bet Boyal'HlfbnesB H 
Betneen Oanelsan. 
Bambles in Womanlond. 



:,.;,■ z.db,Google 



CHATTO & WIN PUS. PUBLISHERS, 



1 



In an iFon Orlp* f 

Or. Bumcey'a Patii 

On ttie Brink of a Cbasm. 

Tlie Wu of a IToman. 

A Son at iBlunael. 

*n AdventiireaB. | Roiabury. 

The Blua Diamond. 

A Stumble by Uia ISFay. 

Thla T r Quhle goma World. 

AlEDlCi SERlESTthe) of Re- 

froducUona Irom the Old Masteri, 
uil Pniapeclmts up on applic al inn. 

MERIVALB (HbRMAN).— Bar, 

Stajtc, and Platlormi McTnaiJea 
_Jt?"' "" 



MERRICK (LEON.), Novels bT 

Ilia Han mho -bom Good. Crowi 



Cynthia. | ThlBBta^'a of FooU . 

MEVNELL IaX [ C E).— The 

Flower at the MJad : a Cholt 
amons the Best Poema. In ibai 



MITCHELL (EDM.), NoveLs by. 

Th« Lona star BuBli. Withsiiiiuts 
Only a m jger. 

Plottaw'or"]^^!.' ''*' '"'^ "■ '""^ 
The Temple of Death. 
Towards ma Bternal Bnosi. 
Belforta of tuiben. ' 



MITFORD (BERTRAM), Novels 



MONCRIEFF(W. D. SCOTT-).- 



TbE Abdication 



MOORE (THOMAS), Works by. 

The Epiaurean: and Alolpbron. 

-— Ivu^h^f-clolh, u. 

It the AfEMOiRS OF Lord 



PtoaeandVar 



MURRAY (D. CHRISTIE). 

each; po3t8<c1,iUu9tiltedtxiard3.zi.eacU 

A Life's Atonement. 

Joieph'B Coat. WlthiilUutratloii). 

Coala of Fire. WUh 1 1tliuintioni, 

Val Strange. | A Wasted Crime. 

A Capfol o' HallB. | Hearts 

The vray of the World. 

Mount Doapalp. | A Model Father. 

Old BlSLier'a Hero. 

By tlie Oata of tha Be*. 

A Bit of Hunuui Hatore. 

Flrat Parson BlnOiilw. 

Bob MaptlB'a Uttia QlrL 

Cynlo Fo rtune. | In P lrest Peril, 

This lilttla'worldf'' 

A Race for MiUions. 

The Church of Hnmanlty. 

Tales in Prose and VaFse. 

DaspaJr'a Iiut Journey. 

V.C. : A Cl ironidt o( Caatle Baifield. 

Verona's Fathep. Cruwn 8va, clotb.fij; 



Joseph's Coi 
Bob Martin's 



L POFUUR EraiTOB, 

Uttle airl. Cheap 



PaulJones'B Alias. ' 



Haviland's Chum 



The Iiuok of Gapa'rd Bldtfaley. 
The Kin g's Assen al. Wnh 6 llius 



MOLIERE; A Biography. By 

H. C. Chatfield-T.vlob. \Vilh lO 
lIIusH. by Job. Koyal S vo, A. lox. M. neU. 



MURRAY (HENRY), NoveU by. 



MUDDOCK (J. G.), Stories by 



The Dead Han's Secret! 
Fpom th e BoBom of the Deep, 
Stories Weird and~^ondernil. 
Maid Marian* and 'Robin Hood. 



, Cookie 



Ill ST. MARTIN'S LANE, LONDON, W.C. 



MORRIS (Rev. W. MEREDITH, 

B.A.). - Bmitil violin. Make 
Claulcal and Modem. Withnumei 



EnouaBDCi 



■■nyBvpi 



KV FIRST BOOK. By Walter 
SELL, Grant allsk, Hall Caike. 

A. CONAN DOTLE, U. £. Braddoh, 

R. U. Ballantyke, 1. Zangwill^ 



NISBET (HUME), Book« by. 

'Bail Dpi" Crown 8vo. cloth. Jj. 6a 



Dr. Bernard Bt. Tlnoent. Post Si 



in Art. With 21 lUusi 



NORRIS (W. E.), Novels by. 

illuAtratol lioardi, 31- eacK 
B&lnt An n'*. I Billy BeUsn. 
Mill WentwoPtb'a Idea. Cmwaavo, 



OHNET (pEORQESj.Novelsby. 

DoatoF Ramaau. Postitva, lUusiraicd 
AWelFddin. Crown Svo.clalh. 31. 6J.; 
A Iiaat Ii OTa. PqsI fivo. Illusl. bdi,, a. 

IiOTa'a Dapthi. 

Tne Money-maksr. 

The Tgo man of M yitery. 

The Path or Glory. Translated by 

OLIPMANT (Mrs.), Hovels b^ 

Post 8m>, Hlustialed lioardJ, jj. each. 
The Printpoaa Path. 
The Qrea teet Helreai I n En^and. 
Wtatteladlei. Cniini ivo. cioih, with 12 



ORROCK (James), Painter, Con- 

naiuear, CollBClDr. By Bv 

R. TOIh nearly 100 Pholggrai 






O'StlAUOHNESSV (ARTHUR), 



OUIDA, Novels by. Crown hvo, 
sloth 3.. M. each ; poll 8vo, iUuitHttil 

A botf of FlajideFo. 
CeolT Gaatlemalne'a 



Prlnoeaa Napraslne. 

Held In BondBtfe. 

Under Tno 7Ia<a. 

Folls-FaFiue. 

Two mrooden Sboea. 

A Village Commiuie. 

Santa Barbara. 



Ariadne. 

Chandos. 

MothB. 

Puok. 

Idalla. 

Blmbl. 

SWna. 

Frlindililp. 

Calldgray. _ 



Two OITen dera, 



Held In Bondaf 



Two latUa Wooden Bhoea. Lar 

TiTEEDiTioji. Kcap. 8mcloin,is.m 

The Watera of Bdera. Crown «\ 
Elan ta' Barbara, cheap edction, pi 



HAIN (BARRY).— Eliza's Hus- 

PALMEir~(W7~Trir Book*" by; 

Iiabe Country Barobles. 
_InLakeiand Delia and Fallfl; 

PANDORANO HARI; or. 



PARADISE (The) or Oarden of 

tbe Moly Falhars. Tran.lalcdi from 
the SjTiac, with an Introducllrn, by 



PARIS SALON, The Illustrated 

CatalOBlM «t the. With abouri^jaa lllua- 
tiatiani. Published annunlly. DyS>o,}i, 



t^oo-lc 



CHATTO & WINDUS, PUBLISHERS, 



PASCAL'S Provincial Letters. 

with IntroductloQ ind Not« by T. 
tl-CHiE. P.P. Post g™, hal(-clmh, H. 

PASTON LETTERS (The), 1433- 

Nuia, by lAUES Gairdner. Six Vo\a., 



PAYN (JAMES). Novels by. 



Iiew Block thui We've PnlntBd. 



t3th Bp&lM 
A Oonffdantl 



Bollday Knaka. 



ft Trying P»«t»at. 



Bentlnck'i Tn tor- 
Walter's ^ord. I Fa 
A Perteat TFeaaurf.. 
Like Father, Like Sod. 
A IFoman'a Vengeanoe. 
Carlyon'a Tear. | Ceoll's Tryit. 
Hnrphy'a Haalep. AC Hep Mspcy. 
Home Private VUwi. 
Found Dead. | Mirk Abbey, 

" — ^ndollna'a Hap He-* 



3d, But Won. 

Two Hundrad Poni ' ~ 



Olow-srorni x 

A Prince of the Blood . 

A Modern Dtck Wblttlntfton. 

Tbe Burnt Ullllon. Cki'ap Edition, 

Hotea from ^e * Hewa.' Crown Sro, 

■ IlOtll, 11- 6J. 

i-OPDLAR Edi riOKS. nn'rium «so, M. each. 

Iioat sir MasBlntfbord. 

Walter'a BTord. ^_^^ 



PAYNE (WILL). — Jerry the 
PENNELL- ELMHIKST (Cap- 

Uln e.).— The Be«t ol the Pun. 

AVltta S Coloured Illuslralloas aad 4S 



PENNBLL (H. CHOLMONDE- 

LEV), Worlu by. PoBtSvo,cl.,ii.6d.i3. 
Puok on PagaauB. Witb lIlDiIr^ioiii. 
Fetfaau* Re-Saddled, with ii FlU- 

Tbs Muaea of Kayfitlr: Vert Je 

PENNY (F. E.), Novels byil 



PERRIN (ALICE), Novels by. 



<. With numerous lUiBlrii 



PHIL MAY'S Sketch- Book : 54 

Cadoona. Crown (olio, clolh, u. M. . 

PHIPSON (Dr. T. L.), Books by. 

Famona Vlollnlata and Vlollna. I 

Tlie Gonfeailona of a VloUntaC i 

Volea and Violin. 

PILKINUTON (L, L.).— Mallen- 



PLANCHE (J. R.), Works by. 
The Puraulvant of Anna. With 

6 Plate; and 109 lUuslcaliooj. Ccowd 
Bvo.cloth, 7j. W. 
Honga and Poema. Edlltd by Hn. 



PLUTARCH'S Lives of lllus- 



POE'S (EDQAR ALLAN) Choice 

Works; Poems. Atorlci, Euara. 

Wjlh an Intruductloa by CUASLES 



PROCTOR (RICHARD A.), 

Eaay Btar_I>eiaonB.' WAh star Haps 

FloneraoVtlieSky. Wiih SS "luati 
PiunUiar Science Stndlea. 
Ifyaterlea of Time and Bpaoe. 
Tlia Dnlserae of Buna. 
Saturn and tts ByateDi. Wltb 



i tts Byatem. ^ 

. DemyBvo, doth.a 



Wjufea and Vfiuita of Soler 



.Googk' 



Ill ST. MARTIN'S LANE, LONDON, W.C. 



PRAED (Mrs. CAMPBELL), 

Noveltby. PostaTO,ll1u!.bnjrds.i!,ea 
The Bomaiaoe of & Station. 
Tho 8oal of Countoas Adplan. 



OutlBH and TMvr 



READE'S (CHARLES) Novels— 

M&id Cash. I Beadlana. 
Foul Play. I OTlffltH Gaunt. 
Put Yourself In Hla plaoa. 
Tbe Wandeplng Help. 
A SToman-Hater. 
Btn^lobeKFt and Doublefaoe. 



ChplBtlna CbnFd. Cheap £ 
postSvo. ololh, II. net. 

The boat Earl of Bllan. 



PRICE (E. C). 



PRYCE (RICHARD). 

Maxwell'* Affections. Ct 



RAMBOSSON (J.). — Popular 

Aitronamy. Tianslated by C B. 
Pitman. With lo CoLauMd Platf- — ' 



READE'S (CHARLES) Novels. 

Petf Votangtmi: and Christie 

Hard Caab. 

Tbe Cloister and the Hearth. 



heart and Doutalefaoe. 

The Aatoblograpliy of a Thief: 
JaokofaU^vdes; AHeroanr 
aH&rtjri^ The Wandering Hell 
t«xe He llttlo, Love Ho Long. 
The Donble Harrlatfe. 



Pat Tourself la HlB Place 

A Terrible Temptation. 

A Simpleton. 

A Woman-HBter. 

The Jilt: andQoadBtarleBofHan 

and other Animals. 
A Perilous Secret. 
Beadlana; imd Bible' 



The Glolstar and the Hearth.^ \ 
'It Is NeserT; — ' ■ 



o Late to Mend.' 



The Cloister and the Hearth. 
' It is Neiier Too Late to Uend.' 
Foul Play. | Hard Cash. 
Peg HolBngtan ; and Christ: 
Johnstone. 



Peg WoMngCon. 



The Wandering Heir. Laroe Ttpb 

The cioliW and the Hearth. 
EomoK nE LCXK, with i6 PholograviiT* 



The Han who Lost tala Pact. ^ 
The Bay water Hlrad e. 

Crown 8to. clolh, 6j. each. 
The King's Couus^. 
Beml'Soolety. 
The re an d B aok . 



VTetrd Stories. 



Peg Wofflngton. 1 A Blmpleto 
Christie Johnstone. 
' It is Mever Too Late to Hand.' 
The OonrsB of True Love Never 

Did Bnn Smooth. 
Autobiography of a Thief; Jack 

ofallTrades; Jamee Lambert. 

KroSwiMSlSl*"*"'* klMMER (ALFRED).- R.mbl.. 
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& Daring. 
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POLFE (PR.), Novels by. 
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ROWLEY (Hon. HUOH). Post 
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In ttae Face of the World. 

To Hta Own Haatep. 

The Tramlett Diamond*. 
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SpMohaa. -WUli P«ir»il. 
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F IiODdon. 

Tba Baanya of B11&. 

Hlatory of BnCluid, in s Vi 
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aherldan'iComadtea: TUbRIvdIi 
and TUB Boliool for Scandal. 
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[fe orNo Wifa.Poit flvu.L-lon. u. '.i. 

STARRV HEAVENS Poetical 



STEPHENS IRICCARDQ).— The 



The Small-peuFt L 
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Poams and Ballads. First SuRiks. 

Poems and Ballads. Second Series. 

Pooma and Ballads, third Series. 

Ehinifs befOPe Snnplae. Ciown Bya, 

Bothwell: ATr^fcdy. CtovniBvo, iai.6if. 
Bon^ of Two aatlona-Ciown Svo,fs. 
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A Study of Viator Hugo, c 
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TWAIN sTMarrtbo^s: 
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TEMPLE (SIR RICHARD). 
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THACKERAYANA : Noles an 

Thackkkay. Crown 8vo, ilolh, 31. 6rf. 
Thackeray (The Pooketi. Arrange 



THOMAS (ANNIE), Novels bj 
The Stren'a VTab. Cr. gvo cl. 31 tii. 
Comradaa Traa. Crown Svo, duth. 6 



ThOREAU : His Life and Aims. 

ByA. H.Page. Wilb a Porlrart. Post 
Bvo. huc l.,aTn. 3s . 6d. 

tHORNBURY(WALT.),Bf>oksby 

The IJIfe and COTFeapondenea r* 
t. H. W. Tarner. wlib e Calourt 
lUnals.andlWoodcots. Cr,8TO.CI.i,6 

Taloa for the Harlnoa. Pott 8v 



TIMBS (JOHN). Works by. 

Cluba and' Club ijfa InLondon, 

BntCllsh Eccantrlea and Ecoen- 

trloltlea. With 4s Illusicationi. 

TOMPiUNS (HERBERT~w: 

« MaHfa.Caunti7 Itamblei. Wi 

TREETON (ERNEST a!).-- 

Inallgnt or. Crown Bvo. clolh.6t 

TROLLOPE (ANTHONY), Novels 



Tho Way We tlira Mow. 
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• A Yankee 
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Kept In the Dark. 

The American Senator. 
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TWELLS (JULIA H.).— Et 



Ill ST. MARTIN'S LANE, LONDON, W^C 



' Bnriad Diamond!. ' 
Tbe Blackball Ohoita. 
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I NoblMM Oblige. 
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Raohel Iian^n. I Sappbtra. 

Iba. Garralobael'i Gaddeiaaa. 

A Honayinoon'a Bollpae. 

A Young Drajon. 



Tba Poet and Hli OnaFdlan Angel. 
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WARRANT to Execute Charlesl. 
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Aa a Man Sows. I Tba Old Bank. 
Dr. Wynne's Revenge. 
Tbe Sacred Oreaeanla. 
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Her Two Hllllona. 
Two PInebes of BnuK 
ISlth ttao Bed Ba«le. 

A Bed Bridal. 1 Nigel F 

Ben Clougta. ] Blrob Dene. 

Tbe Old Factory. 

Bona of Belial. | Btraoge Crimea. 

Hep Ladyablp's Secret. 
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WOOD [H. F.). Detective Stories 
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WHISHAW (FRED.), 

A I^bldden H&tne. 
Hftny VTayB ol Love. V.'I 
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Mesr tlia Taar. near Dob 

A Splendid Impuator. 



Tha Chemlativ of Cootcepy. c 
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Hla I>ead Pas 
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